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SUBJECT: ELECTRON UPGRADE
FOR MCNP4B

Abstract:

The focus of this effort was the integration into MCNP*(ref. 1) of the I'TS3.0(ref. 2) radiative and
collisional stopping power (refs. 2 and 3) and bremsstrahlung production model (refs. 2, 4, 17,
and 18). The integration was achieved with the development of a patch to MCNP4B and a new
electron physics library database, el3w (like el1). SQA of the patch and database are still ongoing.
However, improvements in the stopping power model and bremsstrahlung model are presented.
Moreover, in the process of successfully achieving this goal several other retated (bremsstrahlung
angular distribution models) or otherwise unforeseen problems (electron step-size artifacts or
thick target bremsstrahlung production problems) were identified and unfortunately not solved yet
since they involve much more work. Several bugs have been found and eradicated.

Overview:

The memo is organized as follow:
0) Background
1) el3w database. the new database library

2) code modifications for new algorithms to use the new database and other
enhancements

2a) radiative stopping power
2b) bremsstrahlung production
2¢) density effect

2d) relaxation

2e) variance reduction

"MCNP is a trademark of the Regents of the University of California, Los Alamos National Laboratory
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2f) bug fixes

3) verification

3a) ITS stopping powers

3b) ITS cross section comparison

3c)Implications

4) preliminary validation based upon Gierga and Adams

4a) comparison with Faddegon for bremsstrahlung production
4b) depth dose in water

5) future work

Background:

In order to perform radiography analysis, accurate transport models are required to define the
bremsstrahlung source and contamination in the object. Several authors (refs. 7 - 10, this is list is
not meant to be exhaustive nor definitive) have examined the accuracy of various bremsstrahlung

models in transport codes (MCNP‘. ITS? and EGSS). From these studies, possible deficiencies in
MCNP were identified and sought to be corrected. As an example of the results found, figure 1
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Figure 1: Bremsstrahlung Spectra for 15 MeV electrons on Lead.
Calculation (MCNP) and experiment (Faddegon)
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displays the bremsstrahlung spectrum for 15 MeV electrons on lead calculated with MCNP4B
and measured by Faddegon where spectral variations at low energies are present. Moreover, the
electron physics package in MCNP is based mostly on ITS1.0 (ref. 6) physics with an upgrade to
ITS3.0 physics for the calculation of energy loss straggling and calculation of the ionization

potential. A more complete upgrade would be desired to include more of the ITS3.0 package and/
or the database from ref. L 1..

el3w database

The previous electron evaluation database was stored in library file, ell. Essentially,
this file was a partial rewriting of the ITS 1.0 xdata file into a format suitable for reading by MCNP
(ACE format.) The initial few words of each data block for a particular Z were peculiar to MCNP
but otherwise it just reformatted the data to be read by subroutine getxst for use in the subroutine
xsgen with appropriate offsets. As far as [ was able to determine there was no processing of the
data only rewriting.

Following this philosophy, a code was written to extract and reformat the desired
portions of xdata from ITS3.0 and generate the new library file el3w. The code for doing this
reprocessing is presented in Appendix A and is available on cfs. The code represents an evolution
of what the database needed from its progenitor and could still further evolve.

The following tables are the list of data pointers used in el3w and ell and some
explanation of their use. Table 1 lists the nxs array entries. These are mostly lengths of blocks of
data, However, nxs(16) now has special meaning and is a flag for using the new its3.0 data and
algorithms. Table 2 lists the jxs array. Finally, the crux of the puzzle is the contents of the exs
array which is presented in Table 3.

Table 1: nxs array

exposition

nxs el3w ell

1 length of xss data set length of xss data set

2 z z _

3 number of radiation stopping number of radiation stopping
‘power interpolation points power interpolation points

4 number of mott scattering number of mott scattering
cross section corrections cross section corrections

5 number of electron energy number of bremsstrahlung
points for bremsstrahlung interpolation points
interpolation

8 number of photon ratio point - number of bremsstrahlung
for bremsstrahlung interpolation points

interpolation
7 unused unused
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Table 1: nxs array
exposition
nxs el3w el
8 unused unused
9 number of interpolation unused
points in the bremsstrahlung
database for bremsstrahiung
spectrum calculation
10 number of interpolation unused
points in the bremsstrahlung
database for angular/energy
calculation
11 number of oscillator points: unused
for density effect calculation
12 unused unused
13 unused unused
14 unused unused
15 unused unused
16 3 unused
Table 2: jxs array exposition
ixs el3w - 1h]
1 1 (offset for line data) same
2 offset for radiative stopping same
power numbers
3 offset for Mott cross section same
corractions
4 offset for Riley cross section same
evaluation
5 offset for ITS3.0 offset for ITS1.0
bremsstrahiung production bremsstrahiung production
database database '
6 unused bremsstrahiung production
, database
7 offset for internally calculated same
Riley cross sections
8 offset for internally calculated same
functions of Z 3
9 offset for photon energy unused

ratios
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Table 2: jxs array exposition
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jxs el3w el
10 offset for photon energy ratio uwnused
for angular distribution
11 offset for oscillator unused
descriptions for density effect
calculation
Table 3: exs array exposition
exs al3w el
ixs(1) K edge below which no K edge below which no
electron induced relaxation electron induced relaxation
will occur (renamed for will occur (renamed for
persistence edg) persistence edg)
ixs(1)+1 Auger electron emission K-x-ray or Auger electron
energy (renamed for emission energy (renamed
persistence eek) for persistence eek)
=Ex-2E| =Ek
jxs(1)+2 unused transition point for
bremsstrahlung extrapolation
model
jxs(1)+3 unused transition point for
‘bremsstrahlung extrapolation
‘ model '
ixs(2) enargy points for radiation energy points for radiation
stopping power interpolation stopping power interpolation
jxs(2)+nxs(3) corresponding normalized corresponding normalized

jxs(2)+2*nxs(3)

jxs(3)
xs(3)+nxs(4)
iXs(3)+2"nxs(4)
jxs(3)+3*nxs(4)

Xs(3)+4"nxs(4)

stopping powers
corresponding electron-
electron bremsstrahlung
correction (n)

energy of Mott scattering
corraction points

h(o) from eq. (A35) of ref 1 at
0:=0

h(9) from eq. (A35) of ref 1 at
O=1c/4

h(8) from eq. (A35) of ref 1 at
Q=1/2

h(8) from eq. (A35) of ref 1 at
0==371t/4

stopping powers
unused
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Table 3: exs array exposition
exs el3w eil
iXs(3)+5"nxs(4) h(e) from eq. (A35) of ref 1 at
O=1t
jxs(4) energy of riley set

jxs(4)+1 to jxs(4)+14

repeated 8 more times
jxs(5)

xs(8)+nxs(5)

jxs(8)+nxs(58)+nxs(6)

jxs(6)

ixs(7)

ixs(8)

jxs(8)
jxs(8)+1
jxs(8)+2

ixs(9)

jxs(10)

riley scattering cross section
parameters at that energy

electron energy values for
interpolation for
bremsstrahlung cross
section nxs(5) values

photon energy ratio values
for interpolation for
bremsstrahlung cross
section nxs(6) values

values for interpolation for
bremsstrahlung cross
section nxs(5)*nxs(6) values

unused

used for riley cross section
evaluation (2160 float words

long)2

various powers and functions
of Z and A (10 floats long,
though only three are used

as below)?
21/3

log(Z)

zf*(1./(1.+2zf)+.20206-
z1*(.0369-21*(.0083-z1*.002)))
where zf=(Z*x)**2

ratio values of photon energy
over electron energy for
bremsstrahlung spectrum
calculation (renamed for
persistence rkt)

ratio values of photon energy
over electron energy for
bremsstrahlung angular
distribution calculation
(renamed for persistence
rka)

energy values for
bremsstrahiung interpolation

cross section values for
interpolation

unused

energy values for
bremsstrahiung interpolation

cross section values for
interpolation
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Table 3: exs array exposition

exs , - 2l3w , el

jxs(11) .7 % number of glectrons in each
AT laveal (occunatlon number)

(<0 s&gmfymg al conducwr)" ‘
used as f, =n /Z :

ixs(11)+nxs(11) oscillator strength or bmdlng |
% energy of the level, v,.

a. This explalns the 2170 (2160+10) in getxstfczr the electron offset.

Unfortunare!y, theelectron side of MCNP has:its own peculiar way of dealing with its
cross section data and storing it. That is for neutrals al} the trariggort data is stored in the xss arrays
and very few arrays are “hardw:red” to reﬂect the pl'% mamfeSt in the evaluation. (An example
may be the:rtc.agray which is g stgg onlywtmdtffcrenmm section data.) Moreover,:
the xss data persists after it has undergone the ordeal of expunging; the exs data is overwritten
since the relevant physics data has been processed and then stored in various arrays. As such, we
have found that even though the electron portion of MCNP seems like an ideal candidate to
become a “module”, it has intersperced its memory management throughout the code.

The problem is simple, the physics data is stored in the database as a reduced set of
data over a range where interpolation is valid while it is used in transport on a much finer or at
least differemt scale. The original coderhad the size ofthe expamded or.intemally calculated arrays
parameterized and the dynangie allocatiaggaf memory was donie based on that those parameters.
For the new database.the parameterization 'as"ﬁeen retairied bugin such a wa¥-as to allow for
regressxon companbthty Itis expected that this way of deahng with data structures will be &

The parameters useﬁ in j Y v are listed and explained in the following
table. . ’* - . i e ) ; .

EPTN
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s =R g\, . ¥ - - -
paramﬂéf . exposition on parameter:. - . el3w el
mtop*- ‘ number of ratio values of photorr - ” 49
anergy to electron energy f pems
production A ka v . .
mwng* _ number of ratio values of photon, (mtop+1 )/, (mtop+1)/
energy to electron energy for bcemo* -
detailed brems angular dlstrtbution actually actually
’ B 34 is 25
g - used; to
E be
~ replaced
mstp* "~ coarseni‘n&‘ ‘tadtor fdr electron
energy grid for detailed brems
angular distribution
mpng number of photon angular bins 21 21
mbng number of possible photon to 51 unused

electron ratio values from the its3.0

* These parameters have corresponding variables, ntop, nwng, nstp respectively, to
toggle between databases.

Code and Algorithm Modifications

The patch to achieve these changes is presented in Appéndix B.

2a) Radiative stopping power.

The ITS3.0 database has a more recent evaluation of the radiative stopping power. To
use the evaluation in the code required a few small changes since the effect of electron
bremsstrahlung has been included in the database. The stopping power is

dE

Tr (Z+n)<I>



distribution -9- April 27, 2000
X-3

The database orlgmally contamed a tablc of energy and (D 2 ad V thh the assumed value
ER w‘w

of unity for the electron bremsstrahlung contrlbutxon, n The new evaluanon includes a newer
table of energy and @ 4.8 well as’ T‘] Lo

2b) Bremsstra.hlung produéti‘on

"'rfs

The brems ploductfl'jf\ database has been extended to cover a larger range of photon
energies. The photon energy from a bremsstrahlung event is specxﬁed in terms of a ratio of the

incident electron; the range of x:auo values is from one to 106 for the ele’i%base while the el!l
range was from 0.9999 to 10, 3] The followmg table nges the rauo values- fors*both databases.

ell: LB
rkt=.001, 0B185:001%;
.0045,.005,.885%.006 31,.0128.01%,.0
025,.03,035,04, 045 05, 055 06,07,.08 08 09“1’i25 154175‘
2,25,3,35,4,45,5,.55.6,7,8,9,9999

el3w:
rkt=0.000001,0.0000015,0.000002,0.000003,0.000004,0.000005,
0.000006,0.000008,0.00001,0.000015,0.00002,0.00003,0.00004,
0.00005,0.00006,0.00008,0.0001,0.00015,0.0002,0.0003,0.0004,
0.0005,0.0006,0.0008,0.001,0.00125,0.0015,0.00175,0.002,0.0025,
0.003,0.0035,0.004,0.0045,0.005,0.0055,0.006,0.007,0.008,
0.009,0.01,0.0125,0.015,0.0175,0.02,0.025,0.03,0.035,0.04,
0.045,0.05,0.055,0.06,0.07,0.08,0.09,0.1,0.125,0.15,0.175,0.2,
0.225,0.25,0.275,0.3,0.325,0.35,0.375,0.4,0.425,0.45,0.475,
0.5,0.525,0.55,0.575,0.6,0.65,0.7,0.75,0.8,0.85,0.9,0.95,0.97,
0.99,0.995,0.9995,1.0

The production of bremsstrahlung from an electron of energy, E, is determined by
numerical or analytic integration of the cross section over the above specified ranges of photon,
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energy rauos Chosing the best cross section for all energies is oQn-trivial-andehas evolved over

the years™. For the ell database, mostof the productlon crosgsections are derived from Koch and
Motz (ref. 15 and refered to-as' K&M hereafter) with some exceptiens near the “tip” (the “tip” is
the photon phase space near where the ploton is.extremely ﬁorwal‘gpeaked and has nearly all the
incident electron energy.) Berger and-Seltzer (ref. 16) describe their best evaluation of which
cross sections should be used oves various energy.ranges. The ell database follows that
evaluation except for not using the Schlff formula (s%_tef IS fbf formufa)

. 2&* ' R :;:;,

In the el3w evaluatlon or database, the production cross section forbremsstrahlung
photons and energy spectra are from the evaluation by Seltzer and Berger (refs; 2, 17, 18 and
refered to as S&B collectively hereafter). We summarize the salient features of the evaluation
below; more details ean be found in the evaluators’ documentatxon The evaludion uses detailed
calculations of the electron-vnuclm bremsstrahlung cross sectis Wfectrons'with energies
below 2 MeV and above 50-MeV. ‘T8 R evalmationtbelow 2 MEV. use;,;he’resum of Pratt, Tseng,
and collaborators, based oreaumerdc: ..-Wsh_;ft caleulaudus (efx 22, 19, dnid 20). For 50 MeV
and above, the analytical theory ‘of Davies, Bethe, Maximort: # O, (DBMO ref. 23) is used
and is supplemented by the Elwert Coulomb (ref. 26) correction factor and the theory of the high-
frequency limit or tip region given by Jabbur and Pratt (ref. 27). Screening effects are accounted
for by the use of Hartree-Fock atomic form factors (ref. 25). The values between these firmly
grounded theoretical limits are found by a cubic-spline interpolation as described in refs. 64 and
S2. Seltzer reports good agreement between interpolated values and those calculated by Tseng
and Pratt (ref. 21) for 5 and 10 MeV electrons in aluminum and uranium. Electron-electron
bremsstrahlung is also included in the cross section evaluation based on the theory of Haug (ref.
24) with screening corrections derived from Hartree-Fock incoherent scattering factors (ref. 25).
The energy spectra for the bremsstrahlung photons are provided in the evaluation. Finally, the

comparisons with experiments presented in S&B. indicate the validity of their approach™

In summary, then, the calculation of the production cross section for bremsstrahlung
is given by numerical integration of various formula which reflect the best evaluation at the time
of the bremsstrahlung process. For ell, this integration is done in the code and most of the
formula are related back to the review of K&M, while for el3w, the integration and any
corrections are done in the evaluation. Consequently, all of subroutine brem had to be rewritten
for the evaluation of the bremsstrahlung cross section, pbr, spectra, eba for el3w. The new
algorithms for the el3w database are derived from the ITS code which presumably reflect those
authors’ recommended interpolation schemes and have been incorporated in brem since the pbr
and eba arrays are used for the calculation of thick target brems.

*We quote from Seltzer and Berger, “Many theories of the bremsstrahlung process have been
developed, each with its own approxitmations, limitations and regios of applicability. To
obtain accurate cross sections over a wide range of conditions, it is necessary to combine,
and to interpolate between, the results of several theories.”

**The validation problems discussed later will eventually be augmented to include this set.
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The detailed angular distribution calculation has been modified only jn so far as the
resolution of the energy grids has-beer-more refined. For ell, the angular dxstmtjuuon was
s - ',:' h : :.r 1;-
calculated for electrons with energies F = w—;lw wnth n bemmosmve mteger (Recall that

fadg

electron transport parameters are calculated on an energy grid with E n = max .) For el3w,

- An/8
Sa 2 : j

E ax ) N » - §
n = — 5 Moreover, for ell the photon ratios used every other ratmvalue in the production

evaluation. For el3w, thc ratiosiare read frg)m the daﬁabasq,and are fewer than every other.
(Presurnably every othegcould ‘be-used £ok 613w or even every one, However, this is what ITS
does.) The angular distribution is detcrmmed by numerical mtegﬂ\ion of several formulas from
K&M using these electlign.energy yalu _ seqﬁcnﬁy, the

modifications to subroutinesbre been irinimal.. As B note, it is not apparent that
2BS is used in the angular distribution calculation in brang though one may have expected it to be
used from ref. 16. It might be speculated that this may account for some of the differences seem
between EGS and MCNP.

In MCNP, brems production is sampled along an electron substep. The probability of

-Z, .
an event(s) occurring in a distance 8is L ~e ", with the number of events being sampled

from a Poisson distribution. If the probability of an event occurring is small, then only the first
non-zero term in the Taylor expansion of the probability is kept and used to sample if one and
only one event has occurred. This is the procedure used in MCNP for ell. For el3w, the sampling
has been modified to sample from the Poisson distribution so that zero, one or more events could
occur, though two or more are extremely infrequent. The electron’s energy is decremented after
each event and used to scale the energy of the photon from the next event. This procedure is
consistent with the method employed by ITS3.0.

2c) Density Effect Correction

The stopping power has a correction term to account for the polarization of the media
through which the charged particle passes. Sternheimer, Berger and Seltzer (ref. 14 and refered to
as SBS) have given a method to calculate the density correction in ref. sbs in terms of the plasma
frequency of the media, the oscillator strengths and occupation numbers given by Carlsson (ref.
28), and the ionization potential of the media. The method finds an adjustment factor, p, which
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gives the ionization potential for the media at the specified density from their eq. (10) where [ is

n-1
Inf = Zf ln[(hv p)+ f (hv ) ] +f,,ln(hvpfnl/2

i=1

the ionzatiof potential of the medium (consistent with the prescriptions of ref.-f0), h is Planck’s
constant, f is the fraction of electtons at that level, v, is the oscillator frequcncy of that level Vo il

, > T 172 - .
. 2 -
ne 3
the plasma frequency Qf the medxum (v = [n:m ] and n xs the number desmty of electrons in
C w0 €J .. .- T e s,

-I ,4 .‘a‘ .,.»-»

the medxum), Thc adjustment facto: xsﬁfouné@m subroutine denl using a newton search methad;-
#@énsity materials the newton sgarchimethod may fail and the codewill issue a warning
and nullify thg density effect correctign thxs is consistent with the fundamental theory of the

density effect. Once the parameter has | een. fonnd it @spdfn sgbroutine den2to calculate the
densz;)&?ffect correction as specified by Eq. (3) in Sbh

N B‘(Bh*Zfr! I,

i=1

P
the solution of eq. (6) of sbs.

2
AV
where l? = [% fi +{-\-}'—E} ] and for conductors the nth level has, = f, and the parameter, |, is

1 - fi

——1 =

B? i+ {(vp)rv, Y

-

Previously, MCNP used the published empirical fit formula of Sternheimer and Peierls (ref. 415)’.
The method described in sbs is an improvement upon the sp fit formula as discussed in sbs.

For the sbs treatment, the conduction state of the material is needed which is specified
with cond=0 for a non-conductor, and cond=1 for a conductor; any non-conducting isotopes in a
conductor are handled as non-conductors. The user can specify this on the m card with the
keyword cond. The code will provide defaults which the user can override for the specification of
a non-conductor with cond=-1 on the m card. The scheme is: '

initially - cond=0 (non-conductor)

in ronge -
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check if all isotopes are conductors and set cond=1 if cond=0

check that there is at least one ¢ onductmg motope is present 1f cond—l if not set
cond=0 B L ‘

if cond=-1 ovemde any prior decision on the conduction state and make non-
conductor cond=0. wi . 4&

The density effect calculatxon has a problem for materials of a smgle element or Z but
speicified with multiple isotopes or ZAIDs. This is traced to the implementation of Eq. (10) of
sbs and the ionzation sum rule of ICRU 37 (ref, 10). ITS has changed that implementation
slightly. Making it consistent with the above rules and such that the same answer is obtained
regardless of isotopic specxﬁg.atxon worsens the verification discussed later: We' note this as a
problem. : :

atom to relax after undefftin an@mzmg 4”@{ giepcnclmg upon the source: i 1 {onizing event.
If the source of the mmzadon wag.a photoi tHe atom’s;relaxation will be described using the
model of Carter and Cashwell (ref. 29) where the major K and L line photons may be emitted or
an Auger electron with energy exs(jxs(1)) which has been stored in eek for that material. If the
source of ionization was an electron then if the atom fluoresces the photon will have only an
average K energy given by eek; Auger transitions are treated the same. Under many
circumstances. these approximations would not be too conflicting. However, there is an
inconsistency, that fluorescent radiation will be emitted with different lines. To remedy the
inconsistency, relaxation from an ionizing event has been combined into a single subroutine,
flaug, called by either colidp or kxray as needed. Most of flaug is similar to the relaxation code in
colidp except for mostly bookkeeping changes needed to accommodate calls from kxray. The
only other physics change needed in flaug for a call from kxray is that the atom is required to relax
either through an Auger transition or fluorescence; for a photoionization the atom is not required
to Auger or fluor (presumably it relaxes through lower energy transistions neglected in our
models.) The arguments of flaug are the energy of the ionizing quanta, the photon energy for a
photoionization or max K shell energy, edg*1.0001 (1.0001 prevents any round-off problems), the
isotope undergomg the interaction (the highest Z isotope for kxray), the material identifier, and a
flag for electron or photon ionization event.

Since, eek is not used any longer as the energy given to either a kxray fluor photon or
Auger electron, its value has been lowered to the more probable value (used in the POEM code of
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ref. 30 and derived by inspection fromref. 31) of E, = E g~ 2E 7, 3 compared to the previous

valueof £, = E g and is used ouly to give the value of Auger transition electron.

This model is still quite crude and approximate though no longer inconsistent. Further
improvements will be discussed later.

2e) Variance reduction

The variance reduction discussed in this section pertains to brems production only.._
There are two vr techniques for brems production:

1) bbrem
Bias the brems photons produced toward higher energies.
2) bnum

Produce bnum more photons.

For el3w, the format of the bbrem card has not been changed to allow for backwards
compatibility. The entries on the bbrem card are mtop_el1=49 biasing numbers for the production
of photons followed by cell numbers where the biasing will be applied. For el3w, the number of
relative photon energy bins is larger so to allow compatibility with the previous bbrem card, the
biasing probabilities over the low energy photon bins from the card are linearly interpolated over
the low energy bins in el3w.

In MCNP, when bnum was invoked on the phys:e card, bnum identical photons were
generated from a brems event with wgt=wgt/bnum. For photon thin problems, such a biasing
scheme is not effective and for thick problems, it may be of only marginal help. The more
‘common method (refs. 32 and 2) is to sample the production distribution bnum times using the
same reduced weight for each photon. The sampling is done in a do loop bnum times over the full
Poisson sampling of events. Note for bnum<1, the sampling of energy loss is done once but
photons may or may not be produced based on bnum+rang() being zero or one. The sampling of
several different photons with reduced weights has been shown to be more effective in photon thin
problems (Gierga and Adams). There is a question as to how to deal with the energy loss from the
more numerous and different pseudo events. For bnum>0, the first sampling of the photon(s)
energy is used to calculate the energy loss. For bnum<0, the average of all photons produced is
used to calculate the energy loss. The first method does not conserve energy, but more properly
gives the straggling contribution of radiative energy loss. The second method more nearly



distribution -15- April 27, 2000
X-5

conserves energy and gives the CSDA energy loss more closely at the expense of the straggling.
The latter method was the one used by Gierga and Adams in their report.

Finally, for any bnum scheme to be effective the number of secondary electrons
generated must be controlled; secondary electrons take up most of the time in transport
calculations. Controlling the number of secondary electrons generated is done with the enum
entry on the phys:e card. The default has been one regardless of the value on the bnum card. This
has been changed to scale the production down by the inverse of the number of photons produced;
enums=1/bnum. The user can override this default setting.

Another vr scheme suggested by R. A. Forster is to have a brems occur on each
substep. This scheme is done when the tenth entry, numb, on the phys:e card is non-zero. On each
substep only one photon is produced with weight equal to the probability of an interaction on that
substep. If this was a real interaction, then the energy loss is calculated and applied to the electron.
The subsequent photons generated in the Poisson sampling are given the nominal, unreduced
weight. In this scheme, enum is arbitrarily set to 1%.

2f) Bug fixes

The primary bug has to do with how the electron (charged particle) algorithms handle
materials described with isotopic decomposition. The ionization potential has a factor of 1.13
applied to it when the material is a mixture of different elements. However, a pure material, i.e.
composed of one type of atom, may be described with its isotopic decomposition and erroneously
have the factor of 1.13 applied to the potential. To correct this each isotope is checked to see if its
Z is different, if not the factor of 1.13 is not applied. Clearly, mors work needs to be done here,
since trace elements may be included which should not effect the ionization potential.

This isotopic decompostion bug also appears in the new density effect calculation.
The fit parameter calculated from Eq. (10) of sbs is different for single zaid and composite zaid
materials. This is because when Eq. (10) is calculated in denl it uses a different elemental
weighting scheme than used for the calculation of the ionzation potential. Since we obtain
excellent agreement with ITS on materials, we note this discrepancy; it is usually an error of
0.1%, though can be larger.

Another related bug is in the determination of the kxray production probability. The
atom fraction of the first highest Z isotope is used. If several isotopes of the same Z were present,
then the probability is too low. This has been corrected to use the sum of the atom fractions of all
the highest Z isotopes

Turning off kxray production was not done when xnum=0 on the phys:e card. The test
has been changed from “.gt.” to “.ge.” in subroutine xsgen. Moreover, there appears to be a special
treatment for xnum<0 where the probability, d, of kxray production for an electron is calculated
for the electron till it has gone below cutoff. This would be the probability of kxray production
over the full electron range. For xnum<0 the probability is scaled by Ixnumi/d. This treatment of
biasing raises a point of discussion related back to the bnum treatment.
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3) Verification

There exist no analytic problems against which to verify the correctness of the physics
or variance reduction models implemented in the code. However, since the database for stopping
powers and bremsstrahlung cross sections has been adapted from an existing code system, ITS3.0,

verifying the correctness of the implementation will be obtained by comparing to that code
system.

3a) Stopping powers

Stopping powers are calculated and printed in the MCNP print table 85 and in the
output from ITS code xgenp. Relative differences in ionizing and radiative stopping powers
normalized to the ITS values for Z=1 to 92 over the energy range of 1 keV to 1 GeV are presented
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in Fig. 2 (ionizing), Fig. 3 (density effect), Fig. 4(radiative). Generally, the agreement is to four

Figure 2: Relative differences between ionizing stopping powers from ITS3.0
and MCNP4B (4B) and ITS3.0 and MCNP4BNU (NU) all
normalized to ITS3.0 for Z=1 to 92 from | keV to | GeV.

Figure 3: Relative differences between density effect corrections from [TS3.0
and MCNP4B (4B) and ITS3.0 and MCNP4BNU (NU) all
normalized to ITS3.0 for Z=1 t0 92 from 1 keV to.1 GeV.
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Figure 4: Relative differences between radiative stopping powers from ITS3.0
and MCNP4B (4B) and ITS3.0 and MCNP4BNU (NU) all
normalized to ITS3.0 for Z=1 to 92 from 1 keV to | GeV.

significant figures and this level of agreement is satisfactory since the fundamental constants and
atomic weights in ITS are slightly different from those in MCNP. The only problem material is Pu
where the ITS atomic weight is significantly different than MCNP (and most standard tables.)
Changing the atomic weight and modifying the constants in MCNP cause the stopping powers to
be in agreement to four significant figures.

The stopping powers for materials was also verified. Using the materials of ICRU 37
and a few extra to span composites of a wide range of Z’s, the same comparisons were done.
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Figure 5 shows the coarisonof the collisional or ionizing stopping powers. Figure 6 shows the
Figure 5: Relative differences between ionizing stopping powers from ITS3.0

and MCNP4BNU all normalized to ITS3.0 for a wide range of

materials from 1 keV to 1 GeV.
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Figure 6: Relative differences between density effect from ITS3.0 and
MCNP4BNU all normalized to ITS3.0 for a wide range of materials
from 1 keV to | GeV,
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density effect correction comparison and Figure 7 shows the radiative stopping power

R
-

Figure 7: Relative differences between radiative stopping powers from ITS3.0
and MCNP4BNU all normalized to I'TS3.0 for a wide range of
materials from 1 keV to 1 GeV.

comparison. Once again the results are all within four significant figures except for a spike in the
density effect calculation. This spike was for a very small correction which was near zero for both
codes and so does not represent any significant problem.

In the patch, the bremsstrahlung production cross section array, pbr, the energy
spectrum array, eba, and detailed angular distribution array, ech, are printed to separate files for
debugging and verification purposes. H. G. Hughes maintains a version of the ITS3.0 code system
where these arrays are printed to output files from the ITS3.0 cross section generating code xgenp.
For all the elements for Z= | to 92 and over the energy range of 1 keV to 1 GeV, the average

relative exror in the “pbr’” array is 106, in the spectra, 108, and in the angular distribution array,

10°%. The maximum for pbr is 109 . For the “eba” array, the maximum relative difference is 104
and is in the first bin which is typically a small number. For€chthe maximum relative difference

is 1072 again for the same reason as for eba. Since the ITS3.0 code has changed the angular
distribution calculation only(comestically} we have not changed our routine yet. Though it is
recommended that these changes be made when the angular distributions are revised since the
coding is more readable and easily related back to fundamental equations. Such revisions would
make the inclusion of 2BS in the sampling scheme more straightforward.

The patch also uses an adapted cubic spline fitting routine in correspondence with
ITS3.0. The sampling algorithms are in agreement except for the sampling of the angular
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distribution. The patch includes what is needed to obtain exact ITS agreement though either
method is valid.

The el3w bremsstrahlung cross sections stored in the pbr array are displayed in figure
8. The same array forell is also shown in figure 8. The curves are significantly different. Part of
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Figure 8: Bremsstrahlung production cross sections (pbr array) from MCNP4B
(4B) and MCNP4BNU (NU) for Z=1 to 92 from 1 keV to 1 GeV.

the difference, as noted above, is that the el3w database and the ell database have different lower
limits of the photon energy for which the cross section was calculated. Symbolically, pbr for an
electron of kinetic energy, T, is given by the following equation where the minimun photon energy

T
do

Fﬁc'dk

pbr(T) =
k

is kmin. Mofeover, knowing that the eba array is the cumulative probability of producing a

photon with energy between k/T and kmin/T, a scaling relation between the pbr arrays of the two
databases would be

pbr,;((T) = pbr,;3,(T)(1 - eba(0.001))
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where eba(0.001) is the value of the eba at that ratio. Thus a fairer comparison is between a
sFaled pbr for el3w and ell. Figure 9 shows the relative difference between the scaled el3w and

Figure 9: Scaled Bremsstrahlung production cross section relative differences
between MCNP4B and MCNP4BNU for Z=1 t0 92 from 1 keV to 1
GeV normalized to MCNP4B.

ell normalized to ell. For low energies the differences are quite large and show that ell had a
very large low energy electron bremsstrahlung cross section.

At this level the algorithms for stopping power calculation and the bremsstrahlung
production cross sections have been verified for all the elements and many representative
materials over the energy range of 1 keV to | GeV. This level of verification meets or exceeds the
verification standard of ell and MCNP4A.

Implications:

Several problems have been suggested that show that the ell model needed to be
updated. Some of the problems still persist, however, improvements have been made. We have
considered three energy ranges of problems for geometries similar to nominal converter foils.
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The first is a low energy problem suggested by Newton Scientific. 20 keV electrons
are normally incident on a 0.001cm W foil. The bremsstrahlung spectrum is tallied. Figure 10

file nsir w== tally 1
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P
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dump 83
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| Figure 10: Bremsstrahlung spectra for 20 keV electron incident on 0.001 cm of
W calculated with MCNP4B (nsi4br) and MCNP4BNU (nsir).

shows the spectrum calculated with 4bnu (the patched 4b which passed all the MCNP test

_problems) for the el1(4b in the plots) and el3w (4bnu in the plots) databases. The differences are
quite large. In fact the 4b appears to have the M lines which of course it cannot. The 4bnu result
is much less intense and more consistent with the NSI ITS calculation.

Higher in energy J. V. Siebers proposed a simple machine head model of a W/Cu slab.
6 MeV electons are normally incident. He has noted that the bremsstrahlung yield downstream
depends on the maximum energy of the spectrum. We have not addressed that problem yet but
note that it also apparent in the ITS codes. Table JV shows the results of a calculation for that
problem with two choices of EMAX (the first entry on the phys:e card). The total bremsstrahlung
generated from the summary tables shows a 0.12% difference which is beyond the statisitical
bounds one would expect. The tally which scores the forward yield about a Im from the converter



distribution
X-5

25

April 27, 2000

packs show a much larger variation. Even 4bnu has not answered this problem, however we do
see that the yield is more forward directed by about 1%. Another implication apparent in this

problem is inconsistency of the relaxation spectra as seen in Figure 11 where 4bnu has removed
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Figure 11: Bremsstrahlung and line spectra calculated with MCNP4B (jvsa4bir)
and MCNP4BNU (jvsalr). The anomalous line has been removed in
the el3w/4BNU calculation. '

the anomalous line at 60.69 keV.

code EMAX=100 EMAX=6

mcnp4b

bremsstrahiung 41622998 4.1623E+00 41551441 4.1551E+00
tally in forward cone 5.29151E-02 0.0014 5.15433E-02 0.0014
mcnpdbnu

bremsstrahlung 41362833 4.1363E+00 41283862 4.1284E+00

tally in forward cone

5.35427E-02 0.0014

5.21917E-02 0.0014
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Finally, at high energies, A. E. Schah von Wittenau suggested a typical converter foil
0.1 cm of W with 85.0 MeV electrons normally incident. The spectra calculated with the two
different databases are presented in Fig. 12. The el3w (not labeled asvwdbr) results are all

tilo' asvwébr --- tally

| U U T T U G R SR SN S Y SR € } I P T S T S

A

1

evmbememd

_4bnu el3w

[ 20 13
enezgy (mev)
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Figure 12: Bremsstrahlung spectra calculated with MCNP4B (asvw4br) and
MCNP4BNU (others) for 85 MeV electrons incidenton 0.1 cm W.
Various variance reduction methods were tested giving nominally the

same results.

smoother than the ell. The notches in the 4b calculation are probably due to non-smooth model
transistions; 4bnu by definition is immune to such artifacts. All these problems except for asvw0
were run with some variance reduction. asvw1 has the new bnum biasing, asvwe is the same
except W is made of it isotopic constituents, asvwn uses the numb biasing, asvw4b uses the old
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baum scheme. Fig 13 shows the spectra calculated with bbrem being used for asvw1 (labeled

file asvwlr weaw tally 11
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Figure 13: Bremsstrahlung spectra calculated with MCNP4BNU for 85 MeV
electrons incident on 0.1 cm W with no variance reduction (asvwOr)
and bbrem used in conjunction with new bnum biasins (asvw lar) and
numb biasing (asvwnar).
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asvwla) and asvwn (labeled asvwna) and asvw0. The impact of bbrem biasing has introduced no
artifacts when used in conjunction with other biasing. It is amusing to note on this particularly
thin problem, the largest fom was for no biasing.

Validation:

Gierga/Adams provided a very large suite of validation calculation templates. Due to
budgetary limitations this set was not expanded. Nor have all the templates been run, only a few
of the bremsstrahlung sensitive ones have been exercised. The results follow. Appendix C
presents tables of some of the plots for more detailed comparisons.
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Selected spectra comparisons with 4BNU labeled with the suffix “n” and 4B “m"”
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Testing:

To facillitate merging this patch with the evolving MCNP4C, several test problems
have been generated. They fall into two classes. One set are the ones derived from the previous
4B test suite which were selected if they used the ell database. This set consists of problems 04,
08, 10, 11, 20, 21, 22, 23, and 29. For problems 23 and 29, longer runs were done to assure that
the test problems were giving reasonably assured results. A variant of 08 is included to assure
that the code crashes and fails to run for mixed databases; this should not be allowed to be
overcome with a fatal option since the results will probably be gibberish.

The second set focus on the new features mentioned above and are derived from the
relatively straightforward “implication” validation set. inp30 and inp31 are derived from the high
energy set. inp30 assures that the new bnum sampling is being done as expected with the bbrem
card. inp31 checks the numb option for brems vr. inp32 is derived from the low energy problem
with just fewer histories being run. It assures that the low energy portions of the database are
being used as expected.

These test problems have exercised by D. Court and myself. Needless to say there are
platform dependencies, however the test problems are easily checked with the converged results
generated on Openblue.

Future work and conclusions:

The patch and database provide an improvement in the physics modelling of electron
transport in MCNP. Comparisons with the progenitor code shows excellent agreement with
calculated or derived quantities. Improvements in performance were illustrated with three sample
problems. Comparisons with validation runs show improvement, albeit on the 1% level (as one
might say the orginal developers did very good work so it is hard to improve it.) Several lessons
have been learned from this effort on how new databases should be merged with the code. As
such the original electron patch was a bandage and the current patch retains several of the
“bandage” features.

There are still many remaining issues to be addressed for the electron/photon transport
capabilities of MCNP.

1) The relaxation models are out of date and need to be improved (ref. 30 and 33).

2) Other bremsstrahlung and electron interaction databases (ref. 11) and the
bremsstrahlung angular distribution calculation still is open

3) Emax and step size problems
4) Cleaning up the code and allow different databases to be used like the neutron side.
5) No-scatter calculation which is highly platform dependent.

6) Goudsmit-Saunderson treatment and general questions about multiple scattering
and transport corrections such as TLC (transverse longitundinal correction).
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7) Thick target bremsstrahlung.
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Appendix A

implicit real*8 (a-h,o0-2)
character line*80,xline*80,hd*10,rline(15)*3
dimension nxs(16),jxs(32),nxs3(16),3xs3(32)
dimension xss(100000),exs(100000),etb(57),phi(57),eta(57)
dimension emott (100),xmott(100,5),xsc(100000),nxc(16),jxc(32)
dimension xsp(10000),nxp(16),jxp(32)
dimension th(100),x(100Q),x1(100),xsec(100,100),xsic(200,100),

1 r(100),awit(100),ek(100),e1{100,15),ea(100},

1 rewo(9) ,rfac(9),riley(9,12),xrkac(51)

data kmax/89/r/0.00000140,0.000001540,0.00000240,0.00000340,
,00000440,0.000005d0,0.000006d0,0.00000840,0.0000140,
.000015d0,0.00002d0,0.0000340,0.0000440,0.0000540,0.0000640,
.00008d0,0.000140,0.0001540,0.000240,0.000340,0.000440,
.0005d0,0.0006d0,0,0008d0,0.00140,0.0012540,0.001540,
.0017540,0.002d40,0.002540,0.00340,0.003540,0.00440,0.00454d0,
.005d0,0.0055d0,0.0064d0,0.00740,0.008d0,0.0094d0,0.01d0,
.012540,0.01540,0.017540,0.0240,0.02540,0.03d0,0.0354d0,
.04d0,0.045d0,0.05d0,0.055d0,0.0640,0.0740,0.08d0,0.0940,
.140,0.125d0,0.1540,0.17540,0.2040,0.22540,0.25d0,0.27540,
.340,0.325d0,0.35d0,0.37540,0.440,0.4254d0,0.45d0,0.475d0,0.540,
.525d0,0.55d40,0.57540,0.640,0.65d40,0.740,0.7540,0.84d0,0.85d0,
.9d0,0.95d40,0.97d40,0.99d0,0.995d0,0.9995d0,1.040,11*0.40/,
aneut/1.008664967d4Q/
data rkae/.999940,0.8d0,0.6d0,0.540,0.440,0.340,0.2d0,0.1540,

o

O W WWwWow-Jdoauunesawoe
QOO OO0 0O0O0O0O 0o

1 0.140,0.0840,0.06d0,0.05d40,0.0440,0.03d0,0.02d0,0.01540,0.0140,
2 0.008d0,0.00640,0.005d0,0.00440,0.00340,0.002d0,0.001540,0.00140,
3 0.000540,0,000240,0.000140,0.0000540,0.0000240,0.00001d0,
4 0.0000058d0,0.00000240,0.00000140,17*0.040/
iell=7
imcplib=iell+l
ixdata=imecplib+1l
ixold=ixdata+l

ixnew=ixold+l

ius=ixnew+1l

iusl=ius+l

ius2=iusl+l

ius3=iug2+1

iel30=ius3d+l
open(iell,files‘all’)

open(imeplib, file=‘mcplib02’)

open{ixdatca, file='xdata.30’)

open{ixold, file=’xsdirl’)

open(ixnew, files'xsdir3w’}

open(ius,stacuss’'scratch’)

open(iusl, status=s’scratch’)

open(ius2, status=’scratch’)

open(ius3, status=’'scratch’)
open(iel3Q,file='ell3w’)

o]

c read atomic weights and edge data from xdata.

read(ixdata, ' (aB0)’')line

do 1 iz=1,100

read(ixdata, *)kzitc,awit(iz),n,nn
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awit(iz)=awit({iz)/aneut
cwrite (6, *)awit(iz)
ek(iz)=0,
ealiz)=0.
if(n.eq.0)go to 1

read(ixdata, ' (5(a3,£9.1,14)) ) (rline(il),el(iz,1l),nm,il=1,n)
ak(iz)=al(iz,1)*1d-3
ea(iz)=ek(iz)
if(n.lt.2)go to 1
ae=0.0
nl=0
do 2 i1=2,n
if(rline(il) (2:2).ne.’L’')go to 2
ae=ae+el(iz,il)*1d-3
nl=ni+l
2continue
ea(iz)=ea(iz)-ae/nl
lcontinue
<
c start reading and processing in “jxs* order.
c
c read and process the radiative stopping powers.
10read(ixdata, ' (ag80) ') line
if{line{l:11) .ne. ' PHIRADB.DAT')go to 10
read{ixdata, *) lmax, lrax, mrax
read(ixdata,*) (eth{lmax-i+1), i=1, lmax)
do 60 iz=1,100
read(ixdata, *) (phi({lmax-i+l),i=1, lmax), (eta(lmax-i+1l),i=1, lmax)
if{iz.le.9%94)then
read(iell,’ (£9.2,1lhe,2£12.6,1x,a1Q) ') zaid,awit(iz),tz,hd
hd='6/6/98"
write(ius,’' (£9.2,1he,2£12.6,1%x,a10) ") zaid,awit{iz),tz, hd
¢all readl (5, iell, ius)
read (iell, ' (81i9) ‘) (nxs{i),i=1,16), (ixs(i),h i=1,32)
read(iell, ' (1p4e20.12) ') {xss(i),i=1,axa (1))
call xs23 (nxs,jxs,nxsa3, jxs3)
else '
call zeroxs(nxsg, jxs)
call zeroxs(nxs3, jxsl)
zald=1000*iz+.01
tz=0.0
hd='6/6/98"
write(ius, ' (£9.2,1lhe,2£12.6,1x,al10) ') zaid, awit(iz),tz, hd
line=" ° .
do 15 i=1,5 - .
15write(iusg, ‘ (aB80) ') line

endif
jxa (1) =]
nxs3 (1)=2+3*1lmax
nxs3 (2} =iz
nxs3 (3) =lmax
jxs3 (1) =1
jxa3(2)=3 .
jx83(3)=9xs83(2)+3*1max
o)
c flag the new treatment.
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nxs3{l6}=3
if(iz.le.%4)then
call readl(6,imcplib,0)
read (imecplib, ' (8i9) ') (nxp(i),i=1,16), (Jxp (i), i=1,32)
read(imecplib, ' (1p4e20.12) ') (xsp (i), i=1,nxp(l))
do 30 i=1,jxs3(2)-1
30exs{i)=xss (i)
¢ fix the kxray line and auger emission value at least for
¢ consistency with fluorescence model.
¢ exs{ixs3(l))=kxray edge threshold.
c exs(jxs3(1l)+1l)=auger emission energy
if{nxp(4) .ne.0)then
exs{jxs3(1))=xsp(jxp(4) +nxp(4)-1)*1d3+1d-6
exs (jxs3(l)+1l}=exs(jxs3 (1))
if(nxp(4) .gt.2)exs (Jxs3 (1) +1)=(xsp(jxp(4)+nxp(4)-1)-
1 2*xsp(jxp(4)+1))*1d3 e
if(exs(3xs3(1)+1).1lc.0.)exa(jxs3(l)+1)=
1 min(abs(exs(jxs3(1l)+1)),
1l xss(jxs{l)+1))
endif
else
exs (jxs3(1))=ek(iz)
exs(ixs3(1l)+l)=ea(iz)
endif
do 40 i=1,nxs3(3)
exs (jxs3(2)+i-1)=etb(i)
exs (jxs3(2)+i-1+nxs3(3)}=phi (i)
40exs (jxs3(2) +i-1+2*nxs3 (3) ) =eta (i)
write(ius, ' (819) ') (nxs3(i},i=1,16), (Jxs3(i),i=1,32)
60write(ius, ' (1pd4e20.12) ) (exs (i), i=1,nxs3(1})
rewind ixdata
rewind ius

¢

c read the old ratios for comparison sake.
rewind iell

c ..

¢ read mott cross section ratios.

61 read(ixdata, ‘ (a80) ') line

if(line(1:9) .ne. 'MOTTE.DAT')go to 61
read(ixdata, *)imott, ixmott
read(ixdata,*) (emott{i),i=l, imott)
read(ixdata,’ {(a80) ‘) line
do 63 iz=1,100
read(ixdata,*) { (xmott(i,3),i=1, imote), j=1, ixmott)
call readl(§,ius,iusl)
read(ius, ' (819) ) (nxs (i), i=1,16), (Ixs8(i),i=1,32)
read(ius,’'(1p4e20.12) ') (xss(i),i=1,nxs (1))
call upto(exs,xss,ixs(3))

call xs23(nxs,jxs, nxs3, jxs3)
nxs3(4)=imott
nxs3 (1) =nxs (1) +{ixmott+l) *nxs3 (4)
jxs3(4)=jxs (3)+ (ixmott+l) *nxsd (4)
do 62 i=1,imett
62exs{jxs3(3)+i-1)=emott (i)
do 602 j=1,ixmott
jd=j*imott
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do 602 i=1,imott
602exs (3xs3(3) +1-1+jd) =xmott (i, 3)

c

c skip over positron data

read(ixdata, *) ({xmott(i,J),i=1,imott), =1, ixmott)
write(iusl, ' (819) ') (nxs3(i),1i=1,16), (fxs3(i},i=1,32)
63write(iusl, ' (1p4e20.12) ') (exs(i),i=1l,nxs3 (1))

rewind ius
rewind iusl
rewind ixdata

¢
c read riley cross sections.
¢RILEY.DAT

64 read(ixdata, ' (a80) ‘) line

if{line(1l:9) .ne. 'RILEY.DAT')go to 64
do 67 iz=1,100
do 65 ir=1l,9
read(ixdata, *)kz, rtwo(ir), rfac(ix)
§5read(ixdata,’ (5e15.8) ') (riley(ir, ik), ik=1,12)
call readl(6,iusl, ius)
read{iusl, ' (819) ') (nxs(i),i=1,16), {jxs(i),i=1,32)
read(iusl, ' (1p4e20.12) ‘) (xss (i), i=1,nxs (1))
call upto(exs,xss,jxs(4))
call xs23 (nxs, jxs,nxs3, jxs3)
jxs3 (9)=jxs3(4)+9*14
nxs3(i)=nxs(l)+3*14
jo=-1
do 66 ir=1,9
ilo=io+l
exs (jxs3 (4) +io) =rtwo(ir)
io=io+l
exs (jxs3(4)+io)=rfac(ir)
do 66 ik=1,12
io=1io0+l
66exs{ixs3(4)+io)=riley(ir,ik)
write(ius,’'(819)') (nxs3 (i), i=1,16), (Jxs3 (i), i=1,32)
67write(ius, ' (1p4e20.12) ') (exs (i), i=1,nxs3 (1))
rewind ius
rewind iusl
rewind ixdata

c
c now do the bremsstrahlung production
70 read (ixdata, ’ (a80) ') line

if(line(1:9).ne.’BREME.DAT')go td 70
read{ixdata,’ (216) ') nmix, kmix
read{ixdata,’ (6£12.5)*) {(tb(n),n=l,nmix)

| read{ixdata,’ (6£12.5}/) (x(k), k=1, kmix)
read(ixdata,’ (a80) ) line

do 120 iz=1,100

call readl(6, ius, ius2)

read(ius, ‘ (Bi9) ') (nxs(i),i=1,16), (jxs(i},i=1,32)

read(ius, ‘ (1pde20.12) ‘) (xss(i),i=1,nxs (1))

call upto(exs,xss,jxs(5))
call xs23(nxs,jxs,nxs3, jxs3)

nxs3 (5) =rmix

nxs3 (8) =kmix
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jxs3(6) =0
ngsB(l)=nxs(l)+nmix+kmix+nmix*kmix
read (ixdata, ' (6£9.5)') ((xsic(n,k),n=1,nmix), k=1, kmix)

do 90 n=1,nmix
90exs (jxs3(5) +n-1)=tb(n)
do 100 k=1, kmix
exs (jxs3 (9) +k~l+omix) =x (k)
c
¢ 1d-3 converts from mb to b.
do 100 n=1,nmix
100exs (jxs3 (5) +nmix+kmix+nmix* (k-1) +n-1) =xsic(n, k) *1d-3

c

c write out the normalized photon grid numbers.

c these are rkt and rka but to allow for flexibility, they

c will now be read from el30.

o] the jxs indices are bumped up since jxs(7) and jxs(8) are

c used already. Then for consistency nxs is bumped up to have
c the same indices.

nxs3{9) =kmax
jxs3 (9 =nxs3 (1) +1
nxs3(1l)=nxs3(1l)+nxs3 (9}
nxs3 (10)=34
jx83(10)=nxs3(1)+1
nxs3 (1) =nxs3 (1) +nxs3 (10)
do 110 i=1,nxs3(9)
110exs (jxs3(9) +i-1)=r(i)
do 115 i=1,nxs3(10)
115exs (jxs3 (10)+i-1)=rkac(i)
write(ius2,’ (849)') (nxs3(i),1i=1,16), (ixs3(i),i=1,32)
120write{ius2, ‘' (1p4e20.12) ) {exs{i), isl,nxs3 (1))
o]
c binding energies and occupation numbers of Carlson for density
c effect corrections.
rewind ixdata
rewind ius2
140 read(ixdata, ' {(a80)*')1line
if(line(1:12) .ne. 'BINDENGY.DAT')go to 140
do 160 iz=1,100
read(ixdata, *)izx, isets
read{ixdata,*) (x(1),xi(§),1=1, isets)
call readl{6,ius?2,iusl)
read{ius2,’ (819) ") (nxs (i), 1=1,16), (jxs (i), i=1,32)
read(ius2, ' (1p4e20.12) ‘) (exs(i), i=l, nxs (1))
call x823(nxs, jxs, nxsl, jxs3)
nxs3(ll)=igsets
nxs3{1l)=nxs(l)+2*isets
jxs3(1l)=nxs(l)+1
do 150 ij=1,isets
exs (ixs3(11)+ij-1)=x(ij)
150exs (jxs3 (11)+ijrisets-1)=xi(i])
write(iusl, ' (8i9) ') (nxs3(1),i=1,16), (ixs3(i),i=1,32)
160write(iusl, ‘ {1p4e20.12) ') lexs (i), i=1,nxs3 (1))
rewind iusl
a ;
c all done now write the new data file, el30,
< directory file, xsdirlo.
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nline=1
170read(ixold, ' (a80) ' ,end=220,err=220)xline
iyes=0
line=xline
do 180 4=1,5
jj=3+l9
180if(line(jj:ji+2).eq. 'ell’}iyes=jj
if(iyes.eq.0)then
write(ixnew,’ (a80) )xline
go toe 170 :
endif
do 200 i=1,6
read{iusl, ‘ (a80) ') line
if(i.eq.l)then
do 190 j=1.,3
333+
190 if(line(jj:ji).eq. '1')line(jj:jjr="3"
write(6, ' (a80) ‘)line
endif
200write(iell0, ' (a80) ') line

read(iusl, ' (81i9) ") {(nxs3 (i), i=1,16}, (jxse3 (1), i=1,32)

read(iusl, ' (1p4e20.12) ') (exa(i),i=1,nxa3 (1))

write(iellQ, ' (Bi®) ') (nxs3(i),1i=1,16), (jxs3 (i), i=1,32)

write(iel30, ' (1p4e20.12) ') (exs(i),i=1,nxs3 (1))
line=xline

line(7:8)='03"

line(iyes+2:iyeg+d4)="
line(iyes+2:iyes+4)="3x *

nd=0

nl=1

£=0.0

write{ixnew, 210)1ine(1:27),n0,nl.nline,nxs3(1),
1 n0,n0,t

210format (a26,1x,2i2,218,21i2,£4.1)

noff=13

if (mod(nxs3(1),4).eq.0)inoff=12
nline=nline+nxs3 (1) /4+noff
write(ixnew, ' (a8Q) ' )xline
go to 170
¢
c add in tha final zaids to 100.
220 continue
do 250 12=95,100
do 240 i=1,6
‘read{iusl, ' (a80) ') line
if(i.eq.1l)then
do; 230 j=1,3
Jiri+7
230 if{line(dj:33).eq.’1’) Line(jj:44)="3"
write(6,’'(ag80)’}line
xline=line
if(line(l:1).eq.’ ‘')xline(1:27)=line(2:28)
endif
240write(iell30,’ (a80)’)line

read(iusl, ' (849) ) (nxs3 (i) ,i=1,18), (jxs3 (i}, 4i=1,32)

read(iusl, ' (1p4e20.12) ') (exs(i),i=1,nxs3 (1))

April 27, 2000
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write(iel30, ' (8i9) ‘) (nxs3(1i),i=1,16), (jxs3(i),1i=1,32)
write(iel30, ' (lpd4e20.12) ‘) (exs{i),i=1l,nxs3 (1))

n0=0

nl=1

£=0.0

xline(22:27)=' el3x °
write(ixnew,210)xline(l1:27),n0,nl,nline, nxs3 (1)

1 n0,n0, ¢
noff=13
if(mod(nxs3(1l),4).eq.0lnoff=12
250 nline=nline+nxs3(l)/4+noff
stop

end
subroutine readl(n,iin, iout)
character line*80
do 10 i=l,n

read(iin,’ (a80)’,end=999)1line

cif(i.eq.l)write(6,'{a80)')line
10if(iout.ge.0)write(iout, ' (a80)’')line

return
999%write(*, *)’ problem reading unit ‘',iin
stop
end

subroutine xs23(nxs,jxs,.nxs3, jxsi)
dimension nxs(16),jxs(32) ,nxs3(16),jxs3(32)
do 10 i=1,16

nxs3(i)=nxs (i)
jxe3 (i) =3ixa (i)

10 jxs3(i+16)=jxs(i+16)
return

end

subroutine zeroxs(nxs, jxs)
dimension nxs(16),jxs(32)

do 10 i=1,16

nxs(i)=0

jxs (i) =0

10 ixs(i+16)=0

return

end

subroutine upto(exs,xss, jxs)
implicit real*8 (a-h,o-2z)
dimension exs(1),xss(l)

do 10 i=1,jxs
10exs (1) =xss (i)

return

end



Appendix B
Patches to MCNP for the electron upgrade

Patch to 4xu with variables being defined at the being of patchf;

c <<<<< makemcnp changes for MCNP4R2Z >>>>> loddat 09/22/97
C

c For each fix, enter five integer parameters on one line in free

c format, ip(l)-ip(5) described below, followed by the appropriate
c numper of new lines.

ol

¢ ip(1) = The applicable computer system number or 0 for all systems.
ol ip(2) = The file numbex:

c 1 = patchf

o} 2 = makemcnp

c 3 = patchce

c ip(3) = The applicable line number to edit-see the MCSETUP source.
¢ ip(4) = The alter code:

o] 1l = insert the following ip(5) line(s) before line ip(3)

ol 2 = replace line ip(3) with the following ip(5) line(s)

I 3 = insert the following line after entry ip(5) of line ip(3)
c 4 = delete lines ip(3) through ip(5)

c ip(5) = The number of new line(s) if ip(4)=l,2

c The entry number if ip(4)=3

¢ The last line number to delete if ip(4)=4

¢

c The number of new lines that follow ip(l)-ip(5) is given by:

[=} = ip(5) if ip(4)=1,2

c = 1 1f ip(4)=3

c = 0 if ip(4)=4

c******ﬂ*******#***** FIXES FOR SYSTm 1 (Cray UNICOS) (AR R RS R SR RERESERDR]

Add the *define t3d for the Cray T3D.
11211
*define t3d
Provide links to the T3D compilers and linker. XTM:GWM-95-128
Change the CFT77 compile line.
121814
export TARGET; TARGET=CRAY-T3D
in -s /mpp/bin/ce ce
In -s /mpp/bin/cft?7 cft77
In -8 /mpp/bin/mppldr gegldr
Provide links to the T3D compilers and linker. XTM:GWM-95-128
L22621
cfe77 compile
Add CFTLIB library on UNICOS for profile timing. 06/30/95 (GWM)
1228 3 10 .

oo aaco0ao000aaa00aoan0aaaaoaann

-L/usr/local/lib -lprof
C#***‘hi***ﬂ*l’****'ﬁ**** FIxES F'OR SYSTEM 2 (Sun Sunos ) I EZSE SR SRR R E SR B2

c Add a second X-window include path for some SunQOS systems.
c 221834
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c -I/usr/openwin/include/X11

c Add a link to the ANSI C library (libansi.a) on some Sunos systems.
c 2 229310

o] -L/home -lansi

ci*****t***ﬁ*fi*t*t*tt FIXES FOR SYM 3 (IBM AIX ) LA A S AR E RE R EE R REIE I

c

¢ PVM libraries must go first for pvm version at some installations.
323021

x1lf -o menp *.o -L/usr/lanl/pvm3.3/lib -lfpvm3 -lpvm3 -L/usr/lib -1x11

Ck***#*t***'*tt***t*'ﬁ FIXES FOR SYSTEM 4 (HP HPUX ) LR R R RS X R IE R R R R R
(o]

c Add a link to the C math library (libM.a) on some HP systems.

c 4 2 293 6

c -1M

c*ﬁ*t****twt**i**tt**i FIXES FOR SYSTEM s (VAX VMS ) LA AAEEEEEAREERTE R RN
c

c Add an additional *define keyword for PRPR on a VAX VMS system.

e 5121 1

c *define disscgs

Gu¥wwwdwxwwexvaws PIXES FOR SYSTEM 6 (DEC UNIX and PC LINUX) *#*#wwwxwasw

The following 7 lines enable GNU F77 compilation on LINUX.
Tim Goorley, jgoorley@mit.edu XTM-RN(U97-028) 7/21/97
61211
*define linux
6 22731
-00
6 2 28 4 28
6 3211
*define linux

OO0 a0a0aaa0aago0aan

ci*****'**it***'*'t*i* FIXES FOR SYSTEM 7 (PC Dos ) L2222 2R EEERERERERXXE]
¢

¢ The following lines enable dvf F90 compilation on DOS/WINDOWS.
72 4 2 59

if exist flib del flib\*.for

if exist olib del olib\*.obj

if exist compile del compile

if exist newid del newid

if exist patch del patch

copy prpr.id prpr.for

£90 prpr.for : .

del prpr.for

copy makxs.id codef

type patchf | find **define® > patch

prpr

rename compile makxsf. for

£90 makxsf.for

del makxsé. for

del codef

del patch

del newid

type patchf | find **define pcdos® | find "xlib*
if errorlevel 1 goto noxwinl
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if lexist menpe.c del menpe.c

copy menpc.id codef

copy patchc patch

prpr

rename compile mecnpe.c

del codef

del patch

del newid

hex86 -£387 -DMSDOS -Hoff=protection -I\dvx\include -c menpe. ¢
inoxwinl

copy menpf.id codef

copy patchf patch

prpr

del codef

del patch

del newid

fsplit compile

if errorlevel 1 goto nosplit

del compile

£90! /compile_only /optimize:4 *.for

goto link

inosplit

rename compile menp. for

1£90 -¢ -nw -o0 -mod \1£9040\1lib mcnp.for
:link

move mcsetup.for mesetrup.id

if exist mesetup.obj del mcsetup.obj

if not exist £lib mkdir £lib

move *.for flib

move mcsetup.id mcsetup. for

type patchf | find “*define pedos* | find *xlib”
if errorlevel 1 goto noxwin2

set 1ib=\£7713\1ib;\hcx3\small;\dvx\1lib\hcx87
1£90 @automake.rsp \1£9040\1ib\hex20.0bj menpe.obj -1ib hcex86,hcx87,hena,xll, sys -
nomap -exe mcnp.exe

goto end

;noxwini

90 /exe:mcnp.exe *.obj

:end '

if not exist olib mkdir olib

move *.obj olib

725 4 52

cit****'hﬁ'ﬁitﬁ**ﬁ*****ﬁ fixes for systam 8 (sun 501. ) oA e ke R ok e

C*****“*'****tii**iiﬂ* fixes for system 9 (sgi irix ) WW e g A e e e dr ok ok e e R ok

91211

*define multt

c H

92521

rm -rf compile newid patch codef £lib olib
¢

9 213 2 1

rm_-f newid codef patch *.£f *.o
¢

g2 14 2 1

In -s menpe.id codef

9215 21
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In
9 2
cc
c
9 2
rm
mv
c
9 2
In
9 2
in
c
9 2
rm
mv
9 2
£77
9 2
£77
9 2
-6
9 2
\
9 2

-8 patchc patch
18 21
-64 -g -¢ ~I/usr/include mcnpc.c

19 2 2
-f codef patch
newid newidc

20 2 1

~s nmcenpf.id codef
21 21

-s patchf patch

24 2 2
-f compile codef patch clog
newid newidf
27 21
-64 -mp -02 -TARG:madd=OFF -OPT:0limit=3000 -c¢ *.f
28 2 1
-64 -mp -00 -TARG:madd=0FF -OPT:0limit=3000 -c¢ trnspt.f
30 3 1
4 -mp
30 3 12

3112

-Wl,-Xlocal,pblcom_ ~-Wl,-Xlocal,tskcom_ -W1l,-Xlocal,itskpt_

c Delete lines 2-7 of PATCHF.
012410
c Add the entire following patch to PATCHF.
0111 2
*/ Integrate your patch with the following. If your patch makes changes
*/ to the 2C, VV, CM, GS, MB, or BD decks, contact MCNPGLANL.GOV for
*/ details on including your patch via the INSTALL.FIX file. when
*/ integrating your patch, be sure the order of the changes (increasing
*/ in line number) is preserved to avoid a PRPR error. See Appendix
*/ C, page C-8 in the MCNP manual for more details.
*/
*/ brief description of variables
*/ its30: flag only to ensure that its3.0 treatment is done
*/ in xsgen and colidp when nxs may have been zerced.
*/ ntop and nwng: variables for itsl.0 parameterized variables.
*/ mtop and mwng: its3.0 parameterized variables larger than itsl.0 ones.
*/ nstp and mstp: number of energy groups spanned in angular brems cal.
*/ nstp is the number used in the calculation and mstp is a parameter to
*/ make enough room is setdas. '
*/ rkte: itsl.0 photon energy ratios,
*/ crelec: classical electron radius
*/ istern: flag for shs density effect treatment.
*/ numb: flag for producing brems in each step.
*/ cond, lcon: flag and offset for conductivity assignment in each material.
*/ lmb: memory offset for temporary dynamic memory. (allocate and deallocate)
*ident its30
*d,zc4dxs.3 <21>

*d,zc4xu.3 2 mlge=1000,mpb=5, mpng=21,mseb=301, mspare=3, mtop=49, mwng=25<27-28>

parameter (kod='menp',ver='4bnu’, loddat='09/21/99"')

2 mlge=1000, mpb=5,mpng=21,mseb=230l, mspare=3,
2 mtop=89,mwng=(mtop+l) /2, mstp=4,mbng=51,
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*d,zcdb.12 <47>
*/ include the fundamental constant crelec=classical electron radius.
*/ cralec=planck*slite/ (2d0*pie*fscon*gpt(3))
9 euler=.577215664901532861d0, crelec=2.8179380d4-13,
*d,vvdb.1l,vvéa.2 <55-56>
common /tables/ gptimipt),qfiss(23),rktc(mtop),
*/ a fixed array if rka is not read from the database.
*/ 1 rkac{mbng),
1 talb(8,2),veco({mcol),vic(minc) ,wco{mecoh),

*d,cm4xu. S 9 ) <85-86>
9 +1* (mtop)+1* (mbng))

*d,cmdxu.9 9)
9 +8* (1) )

*d,cmdxu.32
commont /fixcom/ almin, bbrem(mtop),bnum,calph(maxi),coined,
1 rkt(mtop), rka(mbng),
*d, cmdxu. 44 % ism(3),issw,istrg, iunr, ivdd(max£f}, ivdis (maxv) , ivord(maxf), iwwg,
*/ *2
5 ism(3),issw,istern,its30,istry,
5 iunr, ivdd(maxf), ivdis (maxv), ivord{maxf), iwwg,
*d, cmdxu. 54 6 nwgma,nww (mipt) , nwwm, nwwna , NXnx
6 nwgma, nww (mipt) , nwwm, nwwma , nxnx,
*/ +4
& ntop,nwng,nstp, numb
*d, cdxu.69 1 lsecr,lemi, lptr,lpts,lrng,lxlk,lyla,lixc,ljmt, lkmt,
*/ +2
1 lscr,lemi, lcon, imb,
1 lptr,lpts,lrng,lxlk,lyla,lixc,limt, lkme,

*d,cmdxu.294 dimension emi(l),ptr(l),pts(l),rng(l),scxr(l),ixc(61,1),
dimension emi(l),cond{l),ptr(l),pts(l),rng(l),ser(l),ixc(6l,1),
*d, om4xu.301, cmdxu.302 agquivalence

(das,emi,ptr,pts, rng, scr, ixc, jmt, kdup, kmt, kxd, 1bk)
*if ~-def,pointer,$

aquivalence (das,emi,cond,

1 ptr,pts,rng, scr, ixc, jmt, kdup, kme, kxd, 1lbb)

*d,cm4xu.306,cmdxu.307 pointer (kdy,emi), (kdy,ptr), (kdy,pts), (kdy,rng), (kdy,scr),

*i1f def,pointex,?
pointer (kdy,emi), (kdy,cond},
1 (kdy,ptr), (kdy,pts), (kdy, rng), (kdy, scr),
*ji,lkon.12 blue
if(jlock.eq.-1)call mp_setlock()
*i,lkoff.12 blue
if(jlock.eq.l)call mp_unsetlock()
*d,bd.14,bd. 17 ' <422-425>
data rkte/.001,.00125,.0015,.00175,.002,.0025,.003,.0035, .004,
1. .0045,.005,.008%5,.008,.007,.008,.009,.01,.0125,.015,.0175, .02,
2 .025,.03,.035,.04,.045,.05,.055,.06,.07,.09,.09,.1,.125,.15,.175.
3 .2,.25,.3,.35,.4,.45,.5,.55,.6,.7,.8,.9,.9999,40*1./

*/ data rkac/.9999,0.8,0.6,0.5,0.4,0.3,0.2,0.15,0.1,0.08,

*/ 1 0.06,0.05,0,04,0.03,0.02,0.,015,0.01,0.008,0.006,0.005,0.004,
*/ 2 0.003,0.002,0.0015,0.001,0.0005,0.0002,0.0001,0.00005,

*/ 3 0.00002,0.00001,0.000005,0.000002,0.000001,17*%0.0Q/

*/ data rkte/0.000001,0.0000015,0.000002,0.000003,0.000004,

*/ 1 0.000005,

*/ 1 0.000006,0.000008,0.00001,0.000015,0.00002,0.00003,0.00004,

v/ 2 0.00005,0.00006,0.00008,0.0001,0.00015,0.0002,0.0003,0.0004,
*/ 3 0.0005,0.0006,0.0008,0.001,0.00125,0.001%,0.00175,0.002,0.0025,
*/ 4 0.003,0.0035,0.004,0.0045,0.005,0.0055,0.006,0.007,0.008,

*/ 5 0.009,0.01,0.0125,0.015,0.0175,0.02,0.025%,0.03,0.035,0.04,
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*/ 6 0.045,0.0S,0.055,0.06,0.07,0.08,0.09,0.l.O.l25,0.lS,0.l75,0.2,

*/ 7 0.225,0.25,0.275,0.3,0.325,0.35.0.375,0.4,0.425,0.45,0.475,

*/ 8 0.5,0.525,0.55,0.575.0‘6,0.65,0.7,0.75,0.8,0.85,0.9,0.95,0.97,

*/ 9 0.99,0.995,0.9995,1.0/

*/ Uncomment (delete lst 3 columns) of next 2 lines to enable LAHEY F90

*/ Uncomment the following for DVF on PCDOS. 02/17/98 (GWM/GWM)

*/ *i,ecda.l <989>
>/ use dfport,only:signal

*/ *d,tt4b.5,tt4a.28 <1012-1014>
*/ *if def,pcdos.l

*/ k=signal(2,pttyin, ~1)

*ident its3Q

*d,jedxu.l for conductor specification <1548>

parameter (nkcd=90,ntalmx=100,mopts=6)
*d,ib.72 enable reading numb option
data cnm(54), (krqg(i,54),1i=1,7)/ 'phys ',0,1, 0,1,-1, 10,0/

*d,ib4a .10 for conductor specification <1677>
data hmopt/'gas‘, 'estep’', 'nlib‘', 'plib’', 'elib’', ‘cond'/
R e ek b e e LT L LT P PR setdas
*d,sd.46 <3348>
*/ ell way used
*/ ns=8
ns=mstp

ledg=lech+mpng*mwng* (nee/ns+l) *nmatl*ke
*d,sd4b.13,sd4b.14 use the space regardless of plotting
l1fcdg=1x85+10*nmatl*nee
*d,sd. 169 for conductor specification <3488>
lconz=lemi+nmactl*ke
lfddalcon+nmatl*ke
*i,ced4a.182
if(bnum.ne.0.0.and.numb.ne.0)call erprnt(1,1,0,0,0,0,0,0,
1 '*"only one kind of brems biasing allowed"')
*d,ce.598 bbrem fix on mtop.
1060 if(nwec.gt.49)go to 1070
¥/ mmmmmmreme——- b L L L L LD D bbb B LD L e L L DT b nextit
*d,nyda.36 for conductor specification <5445>
if{mlc.eq.6.and.nee.gt.0)cond(lcon+nmat)=ritm
if(mlc.le.2.0r.mlc.eq.6)go to 728
*ident bnum
*d,ny.443,ny. 444 <5529-5530>
if{nwc.eq.6)then
*/ allow for negative bnum for average energy loss calculation in brems.
*/ automatically reduce the subsequent electron production. can be over-
*/ ridden by user with enum specification.
bnum=ritm
if (bnum.ne.zero) .
1 enum=one/abs (bnum}
endif
if (nwc.eq.1l0)inumbs=l
if(ritm.1t.0..0or.abs(l.-ritm).1lt..00001)return
*ident its30
*d,ny.744,ny.745 <5830-~-5831>
1480 if(nwec.le.49)bbrem(nwe)=1./ritm
if(nwc.gt.49)mbi (lmbi+nwe-49)=-iitm
*d,0c4a.26,0c4a.28 <6306-6308>
610 if(nwc.lt.49)call erprnt(2,1,2,nwec,49,0,0,0,
1 '"too few entries:*,i5," were read,",i5," are required.*')
m=z49+max{kpt(3),kpt(2) ®(1-ides)) *nmatl
R A e L L e L Tt getxst

Page 6



*i,cord4-2.161
if(nt.ne.0) lmb=mb/ndp2

*i,9t.213 <16597>

*/: define an its30 flag only to ensure that its3.0 treatment is done

*/ in xsgen and colidp when nxs may have been zeroced.
1£(1i€s30.eq.0)its30=nxs (lnxs+16, iex)
i£(its30.ne.nxs(lnxs+16, iex) )call erprnt(2,1,0,0,0,0,0

1 1,'* electron tables are incompatible.*')

’

*/
e e e e e e e xsgen
*i,xg.11 <17823>
*/ nwng=mwng
nstp=mstp
*/ do 2 i=1l,mbng
*/ 2 rka(i)=rkac(i)
1f{its30.eq.3)go to §
ntop=49
*/ mwng_ell=(mtop_ell+l)/2
: nwng=25
nstp=8

do 1 i=1,mtop
1 rke(i)=rktc(i)
do 3 i=l,nwng
3 rka(i)=rkt(ntop-2*i+2)
5 continue
*i,xg9.17 <17829>

c .000579=(electron_radius) **2/fine_structure_constant*lel4
o] and z+1 has been replaced with z+eta, where eta accounts
¢ for electron-electron bremsstrahlung.
c “crogs sections for bremsstrahlung production and electron-
c impact ionization,* $. m. selzter, in monte carlo transport
a of electrons and photons, t. m. jenkins, w. r. nelson, and
c a. rindi, eds.
£=0.00579
if(nxs(lnxs+16, 1) .eq.3) f=crelec*crelec/fscon*l.424
*d,xg.18,xg.21 its3.0 radiation yields. <17831>

*/ set up this way to allow for tracking the test problems.
if(nxs(lnxs+16,j).eq.3)go to 11
do 10 i=1,nxs(lnxs+3,3j)
exg (jxs(ljxs+2,j)+i-1)=log(exs (ixs (lixa+2, ) +i-1)/agpt(3))
10 exsg(jxs(ljxs+2,j)+nxs(lnxs+3,j)+i-1)= .
1 .000579%z*(z+1l.) *exs(ixs(ljxe+2, ) +nxs(lnxs+3, ) +i-1)
g0 to 18 :
11 do 12 i=1,nxs(lnxs+3,3)
exs(jxs(ljxs+2, j)+i-1)=log(exs(Jxs(1ljxs+2,j)+i-1)/gpt(3))
f1=exs(jxs(1jxs+2,j)+2*nxs(lnxsf3,j)+i—l)'
12 exs(jxs(lixs+2,7)+nxs({lnxs+3,j)+i-1)=
1 f*z*(z+fl) *exs(jxs(1ljxs+2, ) +nxs(lnxs+3, j) +i-1)
if (nxs (lnxs+9, i) .gt.mtop)call erprnt(l,l,2,nxs{lnxs+9,3),mtop,0,
10,1,'" nxs(9) greater than mtop."')
*/ load values into rkt, rka, ntop, nwng only once,
*/ if exs is sacrosanct in the future this code can all be expunged.
if (ntop.ne.0)go to 35
ntop=nxs (lnxs+9, j)
nwng=nxs (lnxs+1Q, 3j)
if (nwng.gt.34)call erprnt(l,l,2,nxs(lnxs+10,3),34,0,
1 6,1,'” nxs(l0) greater than 34.*')
*/ perform a linear interpolation on bbrem for bins one cannot specify.
*/ interpolate on the low end of the biasing input. store values in
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*/ eba temporarily and then reload them and zero eba again.

if(bbrem(l).eq.zerolgo to 16
n7=max{l,ntop-47)
do 14 i=ntop.n?,-1

14 eba(leba+i,l)=bbrem(49-ntop+i)
n8=max(l,ntop-48)
do 15 i=n8,1,-1
eba{leba+i, 1) =bbrem(l)+(bbrem(2)-bbrem(l))™*
1 (exs(jxs(lijxs+9,j)+i-1)-exs(jxs(ljixs+9,3)))/
1 (exs{jixs({ljxs+9,3)+n8)-exs{jxs(lixs+9,3)))

15 if(eba(leba+i,l).le.zero)eba(leba+i,l)=max(bbrem(l),eba(leba+l,1))

o]

load photon energy ratiocs from database into f£ixed arrays.
c also load in interpolated bbrem values if needed.
16 do 17 i=1,nxs(lnxs+9,3)
rkt (i) =exs{jxs(ljxs+9,j)+i-1)
if{i.le.nxs(lnxs+10,3j))rka(i)=exs(jxs(ljxs+10,]j)+i-1)
if (bbrem{l).eq.zero)go to 17
bbrem(i)=eba(leba+i, 1)
eba(leba+i, 1) =zexrs
17 continue
go to 35
18 continue

*i,xg.27 <17839>

35 continue

*i,xg.92 <17892>

*/ istern is a flag for the sbs density effect treatment and if
*/ non-zero is the memory offsec.
if (nxs{lnxs+16,lme(llme+3, jmd{(1ljmd+mkc}))) . .eq.3)istern=1
*/ bug repair
*d,xg.122 cnsmin(iz,2)*fme{lfme+jim)/{(a*3.)
cn=zero
do 165 j=jmd(limd+mke),jmd{(ljmd+mkc+1) -1
165 if(iz.eq.iza{liza+j)/1000)cn=cn+fme({lime+j)
cn=min(iz,2)*cn/(a*3.)
*d,xg.135 correct xnum bug which precludes turning electron impact
*/ ionzation k-xrays off.
if (xnum.ge.zexo) xnm(lxnm+mke) =xnum
*i,xg.l39
*/ to become ink(86)
if(ink(85).eq.0)go to 180
af=avgdn/aa
write{iuo, ' (/2%helectron secondary production, 75x,
1 l4hprint table 86/)')

write(iuo, '

9%, 6henergy, 11x, 14hstopping power, 11x, Shbrems, 3x,Shthick tgt,3x,

7hk x-~ray,3x,8hknock-on/ ’

4x,1lhn, 14x, 19hcollision radiation, 3x,5htotal, 15x, Shbrems, 16x,

/10x, 3hmev, 6x,29hmev barn mev barn mev barn ,3x,Shbarn ,

16x, 4hbarn, 6x,4hbarn) '}
do 175 n=nee-1,1,-1
nk=n+nee* (mkc-1)
175 writeliuo,176)n,eee{leee+n),h xse85(1x85+1,nk)/af,

1 xseB5(1x85+2,nk)/af,xse85(1x85+3,nk)/af, pbr(lpbr+nk),
2 pbt{lpbt+nk),pxr(lpxr+nk),pkn{lpkn+nk)

176 format (iS5, lpel2.4,2(1x,5el0.3))

(O I~ PV S B ol

*i,xg.140 <17965>

if(ivs30.eq.3)rka{l)=one
*/ debug prints remove for integration.
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close(l7)
close(18)
close(19)
*ident bnum
*i,x3.142 set secondary electron to 1% arbitrarily for numb biasing.
if{numb.eq.l.and.enum.eq.l.)enum=1,/100.
*i,xg.145
if({numb.eq.l)write(iuo, 195)
195 format(' bremsstrahlung generated on each electron substep.',
1 /,' secondary electron production reduced by 99%.')

K e e e e e e e el b bt ronge
*i,rnda.d <18709>
C

c set up some temporary dynamically allocated arrays for density

c effect calculation.

dimension fo(l),eq(l),xq(l)
*if -def,pointer,1
equivalence (das, fo,eq, xq)
*if def,pointer,l
pointer (kdy,fo), (kdy,eq), (kdy,xq)

*d,rn.1l,rn.12 <18728-18729>
c obtain an average density for a cell with the same material but
c different densities.

rh=zero

nh=0

ic=0

do 10 i=1,mxa
if (mat (lmat+i) .ne.mkc)go to 10
if(ic.eq.0)ic=i
rh=rh+rho(lrho+i)
nh=nh+1
10 continue
if(nh.eq.0.0r.rh.eq.zexo)
& call expirx(0, 'ronge','zero density or non-existent material')
rh=rh/nh
*d,rndb. 16 £=1.13
iz=iza(liza+jmd(ljmd+mkc)) /1000
do 15 j=jmd(lijmd+mke)+1, jmd(limd+mke+l) -1
15 if(iz.ne.iza(liza+j)/1000)go to 16

go to 21
16 £=1.13 ,
*d,rn.23,rn.30 <18753-18759>
o] ‘ az is zoa in the notation of sternhiemer, berger, seltzer.

*/ using this locution gives better agreement with its3.0 instead of crelec.
cr=planck*slite/ (2d0*pie*Escon*gpt(3)) -
pl=2d+18*cr*gpt(3) *fscon*sqrt(pie*cxr*rh*az)
su=2.d0*log{sx/pl) ‘
if(istern.ne.0)go to 40

sternheimer and peierls treatment.

c cbh=su+l.
cbh=2.%*log(sx/(37.1*sqrt(az*rho(lrho+ic))))+l.
if(emi(lemi+mkc).eq.0.)go to 31
xb=4+min(l,int(cb/12.25}))
xa=max(.l*one*min (20, max (16, int(2.*cb)-3)),.326*%cb-2.5)
go to 49

31 xb=2+min(l,inc(sxr/100.))
xa=max(.2+zaro, .326%cbh~.5%xh)
go to 49

Q
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a0 aaa

sternheimer, berger, and seltzer treatment (sbs):
r. m. sternheimer, s. m. seltzer, and m. j. berger,
"density effect for the ionization loss of

charged particles in various substances”, phys rev b, 26, 6067(1982).

40 lr=0
11=0
12=0
do 41 j=jmd(ljmd+mke) , jmd(limd+mke+1) -1
ns=nxs(inxs+1ll, lme(llme+3,j))
zs=exs (jxs(ljxs+ll,lme(llme+3,j) ) +ns~1)
if((cond(lcon+mke).eq.zero) .and. (zs.gt.zero) )11l=11+1
if((cond(lcon+mke) .gt.zero) .and. (zs.lt.zero))12=12+1
41 lr=lr+ns

c
o] check conductor or non-conductor assignment. non-conductor
< if assigned by cond<0, or =0 and at least one non-conducting
c component. conductor if assigned cond>Q and at least one
c conducting compeonent, or cond=0 and no non-conducting
=] camponents.
if(cond(lcon+mkc) .ne.zero)go to 42
if(ll.ne.0)go to 47
cond{lcon+mkc) =one
call erprnt(1,2,1,mke,0,0,0,0,
& '"material ",i4," has been set to a conductor"')
go to 47
42 if(l2.ne.0)go to 47
if(cond(lcon+mkc) .eq.-one)go to 43
call erprnt(l,2,1,mke,0,0,0,0,
& '"material® ,i4," has been set to a non-conductor"')
call erprnt(1,2,0,0,0,0,0,0,
& '*no conduction electrons available*')
43 cond(lcon+mkc)=zero
¢
c add memory for temporary arrays.
47 if(istern.eq.l)istern=1lmb
if(lmb~istern.gt.3*lr)go to 48
17=(3*lr+istern) *ndp2
i£(1£11.1c.17)call chgmem(mdas,1£11,17, 'ronge')
lmb=17/ndp2
48 ld=istern
call denl{az,su,pl, fo(ld+l),eq(ld+l+lr),xq(ld+1+2*1lr) ,nt,wt, tmj
if(nt.gt.lr)call erprnt(li,1,2,1r,nt,0,0,0,
1 '"memory problem *,i4,* allocated *,i4," used,*"')
49 continue
*1,rn.45

*d,rn.48,rn.49

in=1
if(nxs{lnxs+16,lme(llme+3, imd(limd+rmkec))) .na.3)bl(k)=bl(k)+
1 gpoli{log(s),exs(ixs(ljxs+2,ix)) , exs{ixs{lixs+2,ix)+
1 nxs(lnxs+3,ix)) , nxs(lnxs+3,ix))*fme(lfme+j) *gpt(3)*(s+l.)
if(nxs(lnxs+16,1lme(llma+3, jmd(lijmd+mkec))).eq.3)bl(k)=bl(k)+
1 spol(logi{s),exs({ixs(lixs+2,ix)),exs(ijxs{ljixs+2,ix)+
1 nxs(lnxs+3,ix)),nxs(lnxs+3,ix),in) *fme(lfme+j)*
1 gpt(3)*(s+l.) ‘

60 continue

*d,rn.53,rn.57 <18782-18786>

d=zero
if(istern.eq.0)go to 65
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call den2 (s, tm, fo(ld+l), eq(ld+l+lr),xq(ld+l+2*1r),nt,wet,d)
go to 69
65 x=.4342945*Llog(sqrt(s*(s+2.)))
if({x.gt.xa)d=max {zero,4.606*x-ch+(cb-4.606*xa)*
1 ({xb-min{x,xb))/(xb-xa))**3)
69 if(k.eq.l)dd=d
*d,rndb.62,rndb .66
‘80 nk=n+nee* (mka-1)
xseBS(1lx85+1,nk)=el(l)*af
xse85(1x85+2,nk)=bl(1l)*af
®xseB85(1x85+3, nk)=(el(l)+bl{l))*af
if(jJovr(l)+jovr(3)+jovr(5).ne.3)go to 8%

*i,rndb.68 load correct bs <18842>
bs=e* (e+2.*gpt(3))/ (e+gpt (3) ) **2

*d,rndb.70 <18844>
xse85 (1x85+7,nk)=cl*af*az*dd/bg

*d, rndb .77 <18856>

1 1lh.,2x,24hmean icnization energy =,lpel2.5,4h ev./)
if(istern.eq.0.or.nz.ne.l)go to 94
write{iuo, '('' density effect data‘'')")
if(cond(lcon+mke) .eq.zevolwrite(ivo, ' {'*' non-conductor'')")
if(cond(lcon+mke) .gt.zero)write{iuo, ' ('' conductor'‘'}"')
do 91 j=jmd(ljimd+mke), jmd(limd+mkc+l)=~1
iz=iza(liza+j) /1000
ns=nxs{lnxs+1l, lme(llme+3,j))
write{iuo,* ("' Zz ='',i4)') iz
write(iuo, ' (' oce no, belev) pairs'')')
91 write(iuo, '(6(6x,£3.0,£11.3))")
& (exs(jxs(lixs+ll,lme(llme+3,j))+nn-1),
& exs(jxs(lijxs+ll, lme(llme+3,j))+ns+nn-1),
& nn=1,ns)
write(iuvo, ' ("' plas(ev) wt tmin{mev) ' '} ')
write(iuo, '(3%,3£f12.5)"') pl,wt,tm*gpt(3)
write(iuwo, ' (/) ")
94 if(nz.eq.l)write(iuo, 95)
95 format(
*addfile ,xn <18873>
*deck denl
subroutine denl (az,su,pl, fo,eq, xq,nt,wt, tm)

o}
c calculate osgcillator parameters, fo, eqg, xd, and the number
c of osgcillators, nt, based on shell data of carlson and the
c plasma frequency, pL, and log of the ionization potential, su.
c return the fitting parameter, wt, and minimum
c normalized kinetic energy, tm, for use in denl.
c this routine solves eq. (10) of r. m. sternheimer, 3. m. seltzer,
c and m. j. berger, “density effect for the ionization loss of
¢ charged particles in various substances*, phys rev b, 26, 6067(1982).
*cal; cm
dimension fo(l),eq(l),xq(l)
nt=0

do 20 j=jmd(ljmd+mkc), jmd(ljmcd+mkc+l) -1
iz=iza{liza+3j) /1000

ns=nxs(lnxs+1ll, Ime(llme+3, j})

do 20 n=1,ns

zgs=exs (jxs (ljxs+1ll, lme(llme+3, j)) +n-1)

nt=nt+l

fo(nt)=fme(lfme+j) *abs(zsa) /az
if((cond(lcon+mke) .ne.zero) .and. (zs.le.zero))go to 10
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xq(nt):(exs(jxs(ljxs+ll,lme(llme+3,j))+ns+n-l)/pl)**2
eq{nc)=2.d0*third*fo(nt)
go to 20
10 xg(nt)=zero
eqg{nt)=£fo{nt)
20 continue

0

find fitting parameter rho termed wt here following
c sternheimer, berger and seltzer as implemented in its3.0.
mt=0
we=2.40
30 xo=wt
fu=zero
dr=zero
do 40 n=1,nt
pa=wt*wt*xq(n) +eq(n)
fu=fu+fo(n) *log(pa)
40 dr=dr+fo(n)*2.d0*wt*xg(n)/pa
wt=wt-(fu-su)/dr
mt=mt+1
if{mt.lc.25)go to 50
call erprnt(1,2,1,me,0,0,0,0,
& 'il10," iterations denl fitting parameter has not converged."')

when no fitting parameter is found, arbitrarily set it to
c a small value.

wt=1l.e-4

go to 70
S50 if(wt.gt.zero)go to 60

wt=x0/2.d0

go to 30
60 if(abs(wt/xo-one).gt.l.d4-6) go to 30
70 w2=wt*wt

do 80 1l=1,nt

XQ(l)=w2*xq(l)
80 eq(l)=xqg(l)+eq(l)

(¢}

o] find minimum normalized kinetic energy.
tm=zero
if{cond({lcon+mke) .gt.zero) return
sm=zero
do 90 1l=1,nt

90 sm=sm+fo(l)/xg(l)

bg=one/ (one+sm)
tm=one/sqrt (one-bq) -one
return
end

*deck den2
subroutine den2(s,tm, £o, eq,xq,nt,wt,d)

calculate the dengity effect, d, based on fitting parameter, wt
and oscillator parameters, fo, eq, xq, at normalized energy, s
greater than tm. d=xzero otherwise. '

this routine solves egs. (3) and (6) of sternheimer (1982).

200000

call cm
dimension fo(l).,eq(l),xq(l)
d=zero
if(s.le.tm) return
mt=0
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re=one/ (s*(s+2.d0))
rc=(s+one) **2
Xx=one/re
10 xo=x
fn=zero
dv=zero
do 20 n=1,nt
fn=fn+fo(n)/ (xq(n)+x)
20 dv=dv~fo(n)/ ((xq(n)+x)**2)
X=x~-(fn-re)/dv
mt=mt+1
if(mt.1t,25)go to 30

(9]

when no fitting parameter is found, arbitrarily set it to
c zero,
call erprnt(1,2,1,mt,0,0,0,0,
& '110,"iterations den2 fitting parameter has not converged."')
call erprnt(1,2,0,0,0,0,0,0,
& '"density effect correction set to zero.*")
X=Zero
go to 50
30 if(x.ge.zerolgo to 40
x=x0/2.d0
go to 10
40 if(abs(x/xo-one).gt.l.d-6) go to 10
50 d=-x/rc
do 60 1l=1,nt
60 d=d+fo(l)*log(one+x/eq(l))

return

end
*ident its30
K e e e e e e e brem
*1,bm.6 <19130>
c
o] set up some temporary dynamically allocated arrays for
c bremsstrahlung production c¢alculation.

dimension xs&(1),x2(1),ei(1l),xi(1l)
*if -~def,pointer,l
equivalence (das,xs,x2,ti,xi)
*1f def,pointer,l
pointer (kdy,xs), (kdy,x2), (kdy,ti), (kdy,xi)

*i,bm.8 <19132>
data 1d4/0/
save 14

*i,bm.11 <19135>
1f(nxs (lnxs+16, lme(llme+3, jmd(1ljmd+mkec))) .ne.3)then

*d,bm.23 o <19147>
do 100 k=2,ntop

*d,bm.61 : <19185>
pbr (lpbr+n+nee* (mke-1)) =eba(lebha+ntop,n+nee™ (mkc-1))/30

*d,bm. 64 <19188>
do 110 k=2,ntop

*d,bm.66 <19190>
1 eba(leba+ntop,n+nee* (mkc~1))
else

(o]

c bremsstrahlung production cross sections based upon the evaluation

c described in:

c “cross sections for bremgstrahlung production and electron-
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000 aaq00

320

330

340

impact ionization,* s. m. selzter, in monte carlo transport
of electrons and photons, t. m. jenkins, w. r. nelson, and
a. rindi, eds. algorithm implementation based upon its3.0 and
fit values from itgl.0 database.
set up dynamic memory. use the values for the first zaid
since they are equal.
ix=lme(llme+3, jnd (ljmd+mkec))
nm=nxs {lnxs+5, ix)
km=nxs (lnxs+6, ix)
lr=(km+nm+ (nm+nee) *km)
if(ld.eq.0)call chgmem(mdas,lfll, (lmb+lr) *ndp2, 'brem’)
if(ld.eq.0)lmb=1lmb+lr
ld=1lmb-1lr
lx=1d
le=lx+km
ls=lt+nm
12=1ls+nm*km
do 320 n=1,1lr
xs{ld+n)=zero
do 330 j=jmd{limd+mke),jmd(limd+mke+l) -1
ix=lme(llme+3,j)
z=nxs (lnxs+2, ix)
do 330 n=1,nm
ti(lt+n)=log(exs(jxs(1ljxs+5,1ix)+n-1))
do 330 k=l,km
xs (ls+n+(k-1) *nm) =xs (1s+n+ (k-1) *nm) +
& z*z*axs (jxs(1ixs+5, ix) +kmen-l+k*nm) *fme (1fme+3)
continue
do 340 k=l,km
xi(1x+k) =log( (one-exs (ixs (1jxs+5, ix) +nm+k-1))+1.d-6)
do 340 n=l,nm
xg (ls+n+ (k-1) *nm) =log(xs (ls+n+(k~-1)*nm)}
do 350 k=1,km
in=1
do 350 n=1l,nee
tl=log(eee(leee+n))
blzlogione-{gpt{3d)/ (eee(leece+n) +gpt(3))) **2)

*/ quadratic fit if spol is not desired.

*/

3
350

S0 x2(12+k+{n~1)*km)=qpol(tl,ti{lt+l),xs(ls+1l+(k-1)*nm},nm)
x2(12+k+(n-1) *km) =spol(tl,ti(lt+l),xs(ls+1l+(k-1)*nm),nm,in)
& -bl ' o

do 390 n=l,nee

eba (leba+l,n+nee* (mke-1) ) =zero

in=1

do 380 k=2,ntop

de=rkt (k) ~rket (k-1}

do 360 np=1,11

ek{np)=rkt(k)-real(np-1)*de*l.d-1
xp=log{(one~-ek(np))+1.4-6)

*/ quadratic fit if spol is not desired.

*/

3

60 g(np)=exp{gpol(xp,xi(lx+l),x2(12+1l+(n-1)*km), km})

360 g(np)=exp(spol (xp,xi(1x+l),x2{12+1+(n-1)*km), km,in})

370

do 370 i=1,11
gi{iy=g{i)/ek(i)

380 eba(leba+k,n+nee* (mkc-1))=

& (g(l)+4.30%(g(2)+g(4)+g(6)+g(8)+g(l0))+
1 2.40*(g(3)+g(5)+g(7)+g(9))+g(ll)) *de+
2 eba(leba+k-1l,n+nee* (mkc-1))
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c 30=3* (number of integration points -1)
pbr{lpbr+n+nee* (mkec-1))=eba({leba+ntop,n+nee* (mkc-1))/30.40

c normalize the cumulative unbiased probability, eba.

do 390 k=2,ntop
390 eba(leba+k,n+nee* (mkc-1))=

& eba(leba+k,n+nee*(mkc-1l))/eba{leba+ntop,n+nee* (mke~1))
endif

*/ write the cross sections for validation and debug
do 601 n=1,nee
write(l7, *)eece(leee+n) , pbr (lpbr+n+nee* (mkc~1))
write(l8,*)' new group ', eee(leece+n)
do 601 k=1,ntop

601 write (18, *)rkt(k),eba(leba+k,n+nee* {mkc-1))

*d,bm. 75 <19199>
do 120 k=2,ntop

*d,bm.80 <19204>
1 g=¢gpol(e/eee(leee+i), rkt,eba({leba+l, j+nee* (mkc-1)),ntop)

*d,bm. 86 <19210>
do 130 k=2,ntop

*d,bm.88,bm.89 <19212-19213>

1 ebt(lebt+ntop,n+nee* (mke-1))
do 140 k=1,ntop

*d,bm. 98 <19222>
do 150 k=2,ntop

*d,bm. 103 <19227>
do 160 k=1,ntop-1

*d,bm.108 <19232>
do 170 k=2,ntop

*d,bm.113 <19237>
do 180 k=1,ntop-1

*i,bg.7 correct possible parameter and constant mismatch <19273>
save ih,nl,n2,r2
data ih/0/ , .
*i,bg.8 correct possible parameter and constant mismatch <19274>
if(ih.ne.0.0or.nxs{lnxs+16, lme(llme+3, jmd(ljmd+mkec))) .ne.3)go to 2
ih=1
nl={(mpng+l}/2
n2=nl-1
r2=float(n2)
do 1 i=1,nl
1l em{i)=(i-1)/xr2
2 continue :
*d,bg.13 ‘ <19279>
do 150 n=1,nee,nstp
*d,bg.15,bg.16 - <19281-19282>
do 20 k=1,nwng
20 ek(k)=rka(k)*s
*d,bhg.25,bg.27 correct possible parameter and constant mismatch <19291-19293>
XL (L)=(1.+.1*b*{11~1))/(1.+b)
ch(l)=(11-1+10.%b)/(10.+b*(11-1)) .
if (nxs(lnxs+16, lme(llme+3, jmd{(1ljmd+mke)) ) .ne.3)go to 30
xi{l)=(one+b* (nl-1l)/xr2)/ (one+b)
ch(l)=(nl-1+r2*b)/(x2+b*(nl-1))
30 continue
do 150 k=1,nwng
*d,bg. 104 <19370>
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150
*i,bg.

510
*i,mr.

*i,mr.
C$PAR

141

ech{lech+l,k,n/nstp+l+(nee/nstp+l) * (mkc-1))=min (max(zero,
105 write the cross sections for validation <19371>
do 510 n=1,nee,nstp

do 510 k=1,nwng

do 510 1l=1,mpng
write(l9,*)n,k,l,ech(lech+l, k, n/nstp+l+(nee/nstp+1l) * (mkc-1))
6 blue

integer*4 mz

mzZ=ntasks

call mp_set_numthreads {mz)

22 blue

PARALLEL DO

do 141 i=l,ntasks

call trnspt

*/ get rid of incredibly huge number of restart statements
*i,tndxu.l1l4 if(c2.ge.cp2(l)-1.)go to 50

if(nre.gt.50)then
nrc=nrc+l

go to 60
endif
*q,ut.27 blue
mz=mp_my_threadnum()
ktask=mz
*/
¥/ emmemrermcm e —n—— ——————e——— it el L e S colidp
*ident flaug
*h,cp.163 <26798>
if(its30.ne.3)then
*i,cpéa.l6 <26874>
else
erserg
ie=iex
ik=ipt
call flaug(er,6 ie,mk,ik)
endif
*addfile ,cp i <26916>
*deck flaug
subroutine flaug(ex,ie,mk,ik)
¢ -
¢ a subroutine to generate fluourescent photons or auger
c electrons to fill vacancies.
c called by colidp and kxray.
c er=energy of absorbed photon or edge energy for kxray
c ie=elemant that is undergoing the interxaction; for kxray it is
c the highest z element.
c mk=material and ik=ipt for kxray(3) or colidp(2) for keeping
¢ track of parent particle for bookkeeping and vr.
*call cm
ipt=2
ntyn=3
rp=0.
if{ik.eq.2)go to 5
vel=slite
ncp=0
idx=0
c
¢ check for electron emission from impact ionzation.

5

if(rang().gt.wwk(lwwk+mk))go to 80
if(dben(20) .ne.0.)rp=l.
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10
20

25

30

40

41

42

43

Lf(nxs(lnxs+2,1ie).le.ll)go to 90
Ll=dxs(lixs+d, ie) +2
if(er.le.xss(il-1))go to 90

do 10 ka=il,il-3+nxs(lnxs+4,ie)

if(er.le.xss(ka))go to 20
ka=ka+nxs (lnxs+4, ie) -1
kO=ka

ka=kO0

t3=xss(ka) *rang()

ka=zka+nxs (lnxs+4, ie)
if(ik.eq.3.and.t3 .ga.xss(ka))go rto 25
if(ik.eq.2.and.t3.ge.xss(ka))ygo to 90
rp=1.

ka=ka-1

1f(t3.lt.xss(ka))go to 30

at least single fluorescence or auger electron.
eg=xss (ka-2*nxs (Ilnxs+4, ie) +1)
if(kpt(3).eq.0)go to 40
if(ik.eq.2.and.rang{) .gt.wwk(lwwk+nk))go to 80
a=xss (nxg (lnxs+4, ie) +ka+l)
if{e.lt.elc{2))go to 90
if(ik.ne.2)go to 41
paxtc(4,12,2) =paxtc(4,12,2)+1.
paxtc(5,12,2) =paxtc(5,12,2) +wgt
paxtc(6,12,2) =paxtc(6,12,2) +wgt*eryg
pwhb (kpwb+2, 18, icl)=pwb (kpwb+2,18,icl) -wgt
pan (kpan+2, 3, mpan) =pan (kpan+2, 3, mpan) +wgt
aed=0.
if (nxs (lnxs+2,ie) .1le.30)go to 60
i=zka+l-2*nxs (lnxs+4, ie)
if(i.ne.il.and.i.ne.il+l)go to 60
izil-2+nxs (lnxs+4, ie)
ka=nxs (lnxs+4, ie)+i+l
if(rang() .ge.xss(ka)/(1l.-xss(i)))go to &0

double fluorescence. bank the second photon.

erg=xssg (nxs (lnxs+4, ie) +ka)
if(erg.lt.elc(2))go to 60

if(ik.ne.2)go to 42
paxtc(l,16,2)=paxtc(l,16,2)+1.
paxte(2,16,2)=paxtc(2, 16, 2) +wyt

paxtec (3,16,2) spaxtc(3,16,2) +wyt*erg

pwb {kpwb+2, 17, icl) =pwb (kpwb+2,17, icl) +wgt
go to 43

paxtc(l,14,2)=paxtc(l,14,2}+1.
paxtc(2,14,2) =paxtc(2,14,2) +wgt’

paxtc (3,14, 2) =paxtc(3,14,2) +wgt*erg

pwhb (kpwb+2, 16, icl) =pwb (kpwb+2, 16, icl) +wgt
ntyn=4

call isos(uuu,lev)

sw=wgt

if(ik.ne.2)go to 44
if(abs(wwp(2,4)).eq.l..and. (idx.eq.0.oxr.wwp(2,5).1t.0.))
1 call wtwndo(4d,ww)

if (nter.ne.0)jgo to 80
if(espl(2,1).ne.0.)call ergimp
if(nter.ne.d)go to 50

44 npa=l
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50

60

6L

70

[s]

80

90

100

*/

*iden
*d, tb

*d, tb

call bankit(9)

ed=erg

wgt=sw

go to 60
paxtc(4,nter,2)=paxtc{4,nter,2)+1.
paxtc{5,nter,2)=paxtc{5,nter, 2) +wgt
paxtc(6,nter, 2) =paxtc{6,nter,2)+wgt*erg

pwb (kpwb+2, jrwb(nter,2),icl})=pwb (kpwb+2, jrwb(nter, 2),icl)-wgt

nter=0
if(ides.eq.0.and.ik.eq.2.and.eg0-eg-ed.gt.elc(3))
& call emaker(l,egO-eg-ed)

erg=e

ipsc=99+ntyn

call isos{uuu, lev)

if(ik.ne.2)go to 61
paxtc(l,15,2)=paxtc(l,15,2)+1.
paxtc(2,15,2) =paxtc(2,15,2)+wgt
paxtc(3,15,2)=paxtc(3,15,2)+wgt*erg

pwb (kpwb+2,17,icl) =pwb{kpwb+2,17,icl) +wgt
go teo 100

continue

if(jgp.le.-2) jgp=igp+2
paxtc(l,14,2)=paxtc(1l,14,2)+1.

paxtc(2, 14, 2)=paxtc(2,14,2) +wgt
paxtc(3,14,2)=paxtc(3,14,2)+wgt*erg

pwh (kpwb+2, 16, icl) =pwb (kpwb+2, 16, icl) +wgt
do 70 i=1l,ndx(2)
LE((xxx-dxx(2,1,1))**2+({yyy-dxx(2,2,1))**2+
1 (zzz-dxx(2,3,1))**2.1t.dxx(2,5,1))idx=i

if (ndet(2) .ne.0)call tallyd
if(kdb.ne.d)return

if(ndx(2).gc.l.0r.ndx(2) .eq.1l.and.idx.eq.0)call dxtran
if(kdb.ne.0)return

call bankit{(18)

go to 100

make electrons either auger or photoelectric.
set ipt=ik for bookkeeping.
ipe=ik
if(ides.eq.0.and.eek(leek+mk) .gt.elc(3) . .and.
1 (dbcn{(20).ne.Q..or.er.ge.edg(ledg+mk))) .
1 call emaker(4,eek(leek+mk))
if(ides.eq.0.and.agd-rp*edg(ledg+mk) .gt.elc(3) .and.
& ik.eq.2)call emaker(l,egQ0-rp*edg{ledg+mk))
if(ik.ne.2)go to 100
nter=l2 .
pan{kpan+2, 3, mpan) =pan (kpan+2, 3, mpan) +wgt
continue
return
end

K/ e e e e e e e e e e o e

t bnum
.23 <27185>
pr=pr*abs (bnum)
.46 <27204>
if(abs(bnum).gt.0..and.bnum.ne.1l.)wgt=wgt/abs (bnum)

*ident its30

*d,tb.67,tb.68

<27223-27224>
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pk=gpol (rn, ebt (lebt+1, m+nee* (mkc-1)), rkt,ntop)
pa=gpol (xn, ebt(lebt+l, m+l+nee* (mke-1)), rkt, ntop)

*d,th.73 <27229>
do 110 jl=2,ntop-1
*d,eb.75 <27231>
120 do 130 j=2,ntop-1
*/
e e e e e e e e e e e e e kxray
*ident flaug _
*b,kx.24 <28859>
1f (nxs({lnxs+16, lme(llme+3, jmd(limd+mke) )} .ne.3) then
*{,kx.51 <28883>
alse
if(iphot.ne.0.or.fiml(2) .eq.0..or.eek({leek+mkc) .le.elc(2))
1 go to 80
c
c assume the electron has enough energy to excite the atom
c above the threshold of the highest X shell energy of the
c highest Z atom of the material.

71 jm=jmd(1limd+mke)
do 72 j=imd{ljmd+mke), jmd(1ljimd+mke+l) -1
72 if{iza(liza+j).gt.iza{liza+im)}jm=j
ix=lme (llme+2, jm)

iex=ix
mk=mkec
*/ er=xss(jxs(ljxs+4,ix) +nxs (lnxs+4,ix)-1)*1.00001
c
< 1.0001 assures round-off does not give spurious results
er=edg (ledg+mke) *1.0001
if(er.gt.egl)er=egl
ik=ipt
call flaug(er,ix,mk, ik)
endif
*/
E e o e et e e e s 2 ) 2 e ) o e brems
*ident its30
*i,bb.6
c
¢ el is dimensioned to keep track of first, possibly real event
c energy loss, and second and higher order events to keep track of
< energy loss only foxr production purposes.
¢ ib flags real events in conjunction with numb vr use.
dimension el(2) :
*d,bh.11 if(pr+rang().lt.l.)return
rl=rang()
pl=exp(-pr)
ib=1 :
if((nxs{lnxs+16, lme(llme+3, jmd(ljmd+mkc))) .eq.Q
1 .and.pr+rl.lt.l,).or.
1 (nxs(lnxg+16, lme(llme+3, jmd(ljmd+mke))).eq.3.and.rl.1lt.pl})ib=0
if (numb+ib.eq.0)return
o}
e set up to produce none, one, or mora photons.
npa=1l
nb=1
c
c do gplitting or roulette if bnum biasing is used.

if(bnum.ne.one.and.dhen (23) .ne. zero) then
nb=abs (bnum) +rang ()
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if(nb.eg.0)then
npa=0
nb=1
endif
endif
wh=wgt
if (bnum.ne.zero.and.dbecn(23) .ne. zero)
1 wb=wgt/abs (banum)
rb=nb
wO=wb
if (numb.eq.l)wb=wb* (one-pl)
ps=pl
do 240 nl=1l,nb
ie=min(nl,2)
el (ie)=zero
if(nxs(lnxs+16,lme(llme+3, jmd(ljmd+mkec))).eq.0)go to S
pl=ps
ap=pl
fa=zero
*d,bb.14 <289%08>
5 npb=npb+1
*d,bb.21,bb.23 baum <28915-28916>
*i,bb.25 bnum <28918>
wgt=wh
*ident its30
*d,bb4a.4
es=eg0-qo*dk-el(ie)
if(es.lt.elc(3))go to 200 .
*d,bb.40,bb.41 <28930-28931>
pkzgpol (rn,eba(leba+l, m+nee* (mke-1) ), rkt,ntop)
pazgpol (rn, eba(leba+l,m+l+nee* (mke-1)),rkt,ntop)

*{,bb.43 debug print

c write(20, *)erg

*ident bnum

*d,bb.46 bnum <28936>
c

c accumulate radiative energy loss for first photon or all

c of them for bnum<g0.

el (ie)=el(ie)+eryg
if(nl.gt.l.and.bnum.lt.zexro)el(l)=el(1)+erg
*d,cor4-1.163 brium <28939>
if(iphot.ne.0.or.£fiml(2).eq.0..0r.es.lt.elc(2).0r.
& npa.eq.0)go to 200
*ident its30
*d,bb.54,bb.55 <28944~-28945>
pk=qpol (rn, ebd(lebd+1l,m+nee* (mkc-1)),rkt,ntop)
pa=qpol (rn, ebd(lebd+1l, m+l+nee* (mkc-1)),rke,ncop)

*d,bb.57 <28947>
do 60 jl=2,ntop~-1
*d,bb.59 <28949>

70 do 80 j=2,ntop-1l

*ident bnum

*d,bb.71,bb.74 bnum <28961-28964>
if(bnum.eq.l.)go to 110
if(dben(23) .ne.zero)go to 110
npa=bnum+rang()
if(npa.eg.0)go to 200
wgt=wgt/bnum

*ident its30
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*A,;0b.89,bb ., 105 <28978-28994>
k=(m-1) /nstp+1
ek=eee(leee+ (k-1) *nstp+l) -es
el=es-eee{lecerk¥nstp+l)
do 140 j=2,nwng
140 if(pj.ge.rka(j))go to 150
150 rj=rka(j-1)-pj
si=pj-rka(j)
l=rn* (mpng-1)
pl=rn* (mpng-1)-1
gql=1.-pl
i=lech+l+1
mc=k+ (nee/nstp+1) * (mka-1)
if(nxs{lnxs+16, lme(llme+3, jmd (1ljmd+mke) ) ) .eq.0)then
cx=4.*(gl*sj*el*ech(i,j-1l, mc)+pl¥*ri*ek*ech(i+l, i, mc+l) +
1l pl*sj*el*ech(i+l, j-1,me)+gql*rj*el*ech(i,j, mc)+
2 gl*sj*ek*ech(i,j-1,me+l)+gql*rj*ek*ech(i,j, mc+1)+
3 pl*si*ek*ech(i+l,i~1,mec+l)+pl¥*ri*el*ech(i+l,j,me))/
4 ({(rka(j-1)~rka(j))*eee(leee+(k-1)*nstp+l))

alse
*/ for exact its3.0 emulation.
*/ rx=one-ru
* / l=rx* (mpng-1)
*/ pl=rx* (mpng-1}~1
*/ ql=one-pl
*/ i=zlech+l+1

cx=2.40* (gl*sgj*el*ech{i, j-1,me)+pl¥*rj*ek*ech(i+l, j, me+1) +

1 pl*sj*el*ech(i+l,j~1,mc)+qlrri*el*ech(i,j.mc)+

2 gql*sj*ek*ech(i,j-1,mc+l)+ql*rjrek*ech(i, j,mc+l)+

3 pl*sj*ek*ech(i+l,j~1,me+l)+pl*rij*el*ech(i+l,j, mc) )/

4 ((rka(j-l)-rka(j))*(eee(leee+{k-1)*nstp+l)~eee(leece+k*nstp+l)))

endif
*1,bhb.106 debug and verification
c write (20, *)cx, am
*ident baum
*d,cord~1.167 bnum- <29052>

i€ (dben(23) .eq.zero.and.bnum. gt.. 1. ) wgtswgt*bnum
*ident its30
*d,bb.152,bb.154 erg=erg-el
if{nxs (lnxs+16, lme(llme+3, jmd(ljmd+mkec))) .aq.0.0r.ib.eq.0)
1l go to 240
if(ib.eq.1l.and.numb.eq.l)wb=w0
fa=fa+one
pl=pl*nr/fa
ap=ap+pl
. if(rl.ge.aplgo to §
240 continue
if(ib.eq.0)return
if(dben(23) .ne.zero.and.bnum. lt. zero}
1 el(l)=el({l)/xb
erg=erg-el (1)
paxtc(6,12,3)=paxtc(6,12,3)+wgt*el(l)
if(el(l).ne.zero.and. -

L nxs(lnxs+16, Ime(llme+3, jmd(ljmde+mke) ) ) .eq.3) then
paxtc(4,12,3)=paxte(4,12,3) +one
paxte(5,12,3)=paxtec(5,12,3) +wgt

endif
return
*addfile bb
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spol

subroutine spol (s,x,y,n,in,t}, 15 jan 71.

function spol (s,x,y.n,in)
function spol (s,x,y.n,m)

cubic spline interpolation with parabolic runout.

f£,cheap, 1

implicit double precision (a-h,o-z)
parameter (1ln=1000)

save

dimension x{(n),y(n),e(ln),u(ln)

if(n.gt.ln)call erprnt(l,1,2,n,1n,0,0,1,

'* too large an argument in spol,
if (in.ne.l) go to 30
in=2
nl=n-1
e{l)=1.d0
u(l)=0.40
bl=x(2)~x(1)
cl=(y(2)~-y(1l)) /bl
do 10 j=2,nl
b2=x(j+1)-x(3)
c2=(y(j+l)~y(3)) /b2
b=x(j+l)-x(j-1)
d=(c2-cl) /b
c=bl/b
bl=b2
cl=c2
p=c*e(j-1)+2.40
e{j)={c~-1.40)/p
u(j)=(d-c*u(j-1))/p
e(n)=u({nl)/{l.40-e(nl))
do 20 kk=1,nl
k=n-kk
e(k)=e(k)*e(k+1l)+ulk)
id=0
m2=0
ml=n
if (x(1) .le.
id=1
m2z=n
ml=0

x{n)) go to 30

/

increase parameter ln*')

if(s.lt.x(m1+id).and.s.gt.x(m2+1-ia))go to 40

if({s.ge.x(ml+id))mu=ml+2*id
if(s.le.x(m2+1-id) )mu=am2+2*(1-id)
go to 60

ml=m2

mu=ml

m3={ml+mu) /2

if(s.1t.x(m3))mu=m3
if(s.ge.x(m3))ml=m3
if(iabs(mu-ml).gt.l)go to S0
mu=mu+id

60 spol=(e(mu-1l)*((x(mu)-g8)**3)+e(mu}*{(s-x{mu-1))**3)+
(y(mu=-1)-e(mu-1)* ( (x(mu) -x{mu=1))**2)) *(x(mu)-s)+
(y(mu)~e (mu) * ({x{mu) -x(mu=-1)}**2))*{s-x{mu-1)))/

*deck
c
*/
ol
e
*1f de
1
10
20
30
40
50
c
1
2
3

(% (mu) ~x (mu=-1))
return
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end

*/

*ident gedb?

¥/ *i,ge.4

*y/ integer*4 i

*/ Uncomment the following for DVF on PCDOS.
*/ . *i,ge.3

*/ use dfport,only:iargc

*/ use dflib,only:getarg

¥/ *d,geda.8,geda.y
*/ *if def,pcdos,S

*/ hm="' "

*/ j=0

*/ do 10 i=1,iargc()

*/ call getarg(i,hm(j+1l:))
*/ 10 j=j+leng(hm(j+1:))+1

*/

H n e o et e 8 3 B S R ke e s

*ident sedb2

*/ Uncomment the following for DVF on PCDOS.

¥/ *d,seda.4,seda.6

*/ *d,seda.8,seda.lb

*/ *if def,pcdos,1

*/ call cpu_time(t)

02/17/98  (GWM/GWM)
<42172>

<42196-42197>

02/17/98  (GWM/GWM)
<42820-42822>
<42837-42844>
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Patch to 4B with a few parallel enhancements:

0000000000000 000000000000

<<<<< makemecnp changes for MCNP4B2 >>>>»> loddat 09/22/97

For each fix, enter five integer parameters on one line in free
format, ip(l)-ip(5) described below, followed by the appropriate
number of new lines.

ip{l) = The applicable computer system number or 0 for all systems.
ip(2) = The file number:

1 = patchf

2 = makemcnp

3 = patchc
ip(3) = The applicable line number to edit-see the MCSETUP source.
ip(4) = The alter code:

1 = insert the following ip(5) line(s) before line ip(3)

2 = replace line ip(3) with the following ip(5) line(s)
J = insert the following line after entry ip(5) of line ip(3)
4 = delete lines ip(3) through ip(S)

ip(5) = The number of new line(s) if ip(4)=1,2

The entry number if ip(4)=3
The last line number to delete if ip(4)=4

The number of new lines that follow ip(l)-ip(5) is given by:
= ip(5) Lif ip(4)=1,2
= 1 1if ip(4)=3
= 0 if ip(4)=4

c#**ttt***#***t*i'i*t FI}(ES FOR SYSTEM 1 (Cray UNICOS) (A AR AR R R 2

aaoao0a0a0a0g0acan0ao0aoaaa0aaaoaaa0n

Add the *define t3d for the Cray T3D. . i
11211
*define t3d

Provide links to the T3D compilers and linker. XTM:GWM-95-128
Change the CFT77 compile line.

121814

export TARGET; TARGET=CRAY-T3D

In -3 /mpp/bin/cc cc

In -3 /mpp/bin/cfe?7 cft?7?

In -s /mpp/bin/mppldr segldr

Provide links to the T3D compilers and linker. XTM:GWM-95-128
1226 2 1

cft?77 compile

Add CFTLIB library on UNICOS for profile timing. 06/30/95 (GWM)
1228310
-L/usr/local/lib ~1lprof

c***#*tiii'i#tittﬁ"i' FIXES FOR SYSTEM 2 (Sun Sunos ) LAA AR A AARE R LRSS

(4]

9]

Add a second X-window include path for some SunQS systems.
2 218 3 4
-I/usr/openwin/include/Xx11

Add a link to the ANSI C library (libansi.a) on some SunOS systems.

22 29 310
~L/home -lansi
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C**-kw**i*****#w'kw***** FIXES FOR S‘[M 3 (IBM AIX ) LR A BN B EE R R I
c

c PVM libraries must go first for pvm version at some installations.
323021

x1f -0 mecnp *.o -L/usr/lanl/pvm3.3/1ib -1fpvmd -lpvm3d -L/usr/lib -1x11

C#**e*k*********ﬂi***** FIXES FOR E;YSTEM 4 (Hp HPUX ) AR B R RS EEREEEXRER]
c

c Add a link to the C math library (libM.a) on some HP systems.

Q 4 2293 &

c -1M

c********************* FIXES FOR SYST‘EM S (VA_X VMS ) LE SRR EEEEEERERERESESE]
c

c Add an additional *define keyword for PRPR on a VAX VMS system.

c 5121 1

o] *define disscgs

CrAxwkkFHH kxR xHNw PTYRG FOR SYSTEM 6 (DEC UNIX and PC LINUX) ****%xawswxw

c

c The following 7 lines enable GNU F77 compilation on LINUX.

e} Tim Goorley, jgoorley@mit.edu XTM-RN(U97-028) 7/21/97

c 6 12 11

c *define linux

c 6 22731

c -00

o] 6 2 28 4 28

c 63211

c *define linux

C***'ﬂ***************** FIXES FOR SYSTEM? (pc DOS ) Kodekde ek hodhokk Nk NN
<

c The following lines enable dvf F90 compilation on DOS/WINDOWS.
7 2 42 59

if exist £lib del £flib\*.fox
if exist olib del olib\*.obj
if exist compile del compile
if exist newid del newid

if exist patch del patch
copy prpr.id prpr.for

£90 prpr.for

del prpr.for

copy makxs.id codef

type patchf | f£ind **define* » patch
prpr '
rename compile makxsf.for
£90 makxsf. for

del makxsf. for

del codef

del patch

del newid

type patchf | find **define pecdos* | find "xlib*
if errorlevel 1 goto noxwinl
if exist menpc.c del menpe.c
copy nmenpe.id codef

copy patchec patch

prpr

rename compile mcnpe.c
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del codef

del patch

del newid

hcx86 -£387 -DMSDOS -Hoff=protection -I\dvx\include -¢ mecnpe.c
:noxwinl

copy mcnpf.id codef

copy patchf patch

prpr

del codef

del patch

del newid

fsplit compile

if errorlevel 1 goto nosplit

del compile

£90 /compile_only /optimize:4 *.for

goto link

:nosplit

rename compile mcnp. for

1£90 -¢c -nw -00 -mod \1£9040\1lib mcnp. for
:link

move mcsetup. for mcsetup.id

if exist mcsetup.obj del mcsetup.obj

if not exist flib mkdir £lib

move *.for £lib

move mcsetup.id mcsetup.for

type patchf | find "*define pcdos® | find "xlib*
if errorlevel 1 goto noxwinl

set lib=\£7713\1lib;\hcx3\small;\dvx\lib\hcx87
1£90 Gautomake.rsp \1£3040\lib\hcx20.obj mecnpc.obj ~1ib hecx86,hex87,hena,xll, sys -
nomap -exe& mcnp.exe

goto end

:noxwin2

£f90 /exe:mcnp.exe *.aobj

:end

if not exist olib mkdir olib

move *.obj olib

725 452

LALARRAS AR S LS AL S fixes for system 8 (sun sol. IERASAAAASALE SR
FAAEALLEARLARAS RS AREES S fixes for system 9 (sgi irix ) HwEwRREATNRRANNA NN

91211

*define multt

o]

92521 )

rm -rf compile newid patch codef flib olib
<

921321

rm -f newid codef patch *.£ *.o

o]

9214 21

In -8 mcenpe.id codef

921521

Iln -s patchec patch

921821

cc -64 -g -¢ -I/usr/include mecnpe.c
e

9219 2 2
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rm ~-f codef patch
mv newid newidc

c

9 220 2 1

ln -s menpf.id codef
9 22121

In -s patchf paech

C

9 2 24 2 2

rm ~-f compile codef patch clog
mv newid newidf
9 227 21
£77 ~64 ~-mp -02 ~TARG:madd=0FF -0OPT:0limit=3000 -¢ *.f
9 228 21
£77 -64 -mp -00 ~TARG:madd=OFF -OPT:0limit=3000 ~c¢ trnspt.f
9 230 3 1
-64 ~mp
9 2 .30 3 12
\
9 2°31 12
-Wl, -Xlocal,pblcom_ -Wl,-Xlocal,tskeom, -Wl,-Xlocal,itskpt_

c Delete lines 2-10 of PATCHF,
01 24 10
c Add this entire patch to PATCHF.
01 11 2
*/ Integrate your patch with the following. If your patch makes changes
*/ to the 2C, Vv, CM, GS, MB, or BD decks, contact MCNPGLANL.GOV for
*/ details on including your patch via the INSTALL.PFPIX file. When
*/ integrating your patch, be sure the order of the changes (increasing
*/ in line number) is preserved to avoid a PRPR error: See Appendix
*/ C, page C-8 in the MCNP manual for more details.

*/

*ident irs30

*d, zcdb. 1 4 <21l>
parameter (kod='menp',ver='4bnu')

*d, zcdb .6, 2c4a.8 ’ <27-28>

1 mink=200,mipt=3, mjgf=9, mkftr=9, mkte=22,mlgc=1000, mpb=5, mpng=21,
2 mgeb=301,nspares3,mtop=89, mwnyg= (mtop+1) /2, mstp=4, mbng=51,
2 mxdt=20,mxdx=5, mxlv=10,
*d,zcdb. 12 <47>
*/ include the fundamental constant crelec=classical electron radius.
*/ crelec=planck*glite/ (2d0%pie*fscon*gpt(3))
9 euler=.57721566490153286140, crelec=2.81793804-13,
*q,vvdb.1l,vvia.2 <55-56>
common /tables/ gptimipt),qfisai23),rkte(meop),
*/ a fixed array if rka is not read from the database.
* / 1 rkac (mbng),
1 talb(8,2),veo(meoh), vic(ming) ,weo (mcoh),
*d,cmdb.2,cmdb. 3 <85-86>
parameter (nfixcm=maxi+3*maxv+2¥ntop+mipt* (24+mxde+7*mxdx) +nsp+
1 105+mbng, lfixem=3*mxdt+mink+1ll*mipt+2*maxv+2*maxf+281+2+6)
*d,emdb.5 blue
parameter (nephcm=28+mepu, lephem=nptr+novr+ncolor+62)
*d,cmdb. 6 .
common /fixcom/ bbrem({mtop),bcew(2,3),bnum,calph(maxi),coincd,
1 rkt(mtop),rka(mbng),
*d,cm. 36 <107>
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4 indt,ink{mink), iphot,iplt,ipty(mipt),isb, issw, istern,its30,
1 istrg,
*d,cmd4a.? <112>
7 mtasks,nlat,nsrc,
& ntop,nwng,nstp, numb,
*d,cmdb. 26 <132>
4 lscr,ldrc, lemi, lcon, lmb,
4 1£dd, lgnr, lpik, lptb, lptr, lpts, lrng, lrtc, ltgp,
*d,cmdb.34 blue
common /ephcom/ ch,cﬁl,cpZ(mcpu),cp3,cpa,ctme,fpi,freq,
*d,cmda. 89 <299>
dimension scr(l),drc(16,1) ,emi(1l),cond(l),
& £d4d(2,1),genr(l),pik(l),ptr(l),
*d,cmdb. 137, cmdb . 138 <304-305>
equivalence (das,scr,drc,emi,cond,fdd,genr,pik,ptb,ptr.pts.rng,
1l rte,tgp,ifl, ipac2,ixc,j£fl,jft, jme, kmt, ktec, kxd, 1lbb)
*d,cm. 276, cmdb. 141 <307-311>
pointer (kdy,scr), (kdy,drc), (kdy,emi), (kdy, cond), (kdy, £d4d),
1 (kdy.genr), (kdy,pik), (kdy,ptb), (kdy,ptr), (kdy,pts), (kdy, rng),
2 (kdy.rte), (kdy, tgp), (kdy,ifl), (kdy, ipac?), (kdy.ixc), (kdy,£fl},
3 (kdy, jft), (kdy. jmt), (kdy, kmt), (kdy, kte), (kdy, kxd), (kdy, 1bb)
*i,lkon.12 blue
if{jlock.eq.-1)call mp_setlock()
*i,1koff.12 blue
if(jlock.eq.l)call mp_unsetlock()
*d,bd.14,bd.17 <422-425>
data rkte/.001,.00125,.0015,.00175,.002,.0025,.003,.0035, .004,
1 .0045,.005,.0055,.006,.007,.008,.009,.01,.0125,.015,.0175, .02,
2 .025,.03,.035,.04,.045,.05,.055,.06,.07,.08,.09,.1,.125,.15,.175,
3 .2,.25,.3,.35,.4,.45,.5,.55,.6,.7,.8,.9,.9999,40*1./

*/ data rkac/.9999,0.8,0.6,0.5,0.4,0.3,0.2,0.15,0.1,0.08,
*/ 1 0.06,0.05,0.04,0.03,0.02,0.015,0.01,0,008,0.006,0.005,0.004,
*/ 2 0.003,0.002,0.0015,0.001,0.0005,0.0002,0.0001,0.00005,
*/ 3 0.00002,0.00001,0.000005,0.000002,0.000001,17*0.0/
*/ data rktec/0.000001,0.0000015,0.000002,0.000003,0.000004,
*/ 1 0.000005,
*/ 1 0.000006,0.000008,0.00001,0.000015,0.00002,0.00003,0.00004,
*/ 2 0.00005,0.00006,0.00008,0.0001,0.00015,0.0002,0.0003,0.0004,
*/ 3 0.0005,0.0006,0.0008,0.001,0.00125,0.0015,0.00175,0.002,0.0025,
*/ 4 0.003,0.0035,0.004,0.0045,0.005,0.0055,0.006,0.007,0.008,
*/ 5 0.009,0.01,0.0125,0.015,0.0175,0.02,0.025,0.03,0.035,0.04,
*/ 6 0.045,0.05,0.055,0.06,0.07,0.08,0.09,0.1,0.125,0.15,0.175,0.2,
*/ 7 0.225,0.25,0.275,0.3,0.325,0.35,0.375,0.4,0.425,0.45,0.475,
*/ 8 0.5,0.525,0.55,0.575,0.6,0.65,0.7,0.75,0.8,0.85,0.9,0.95,0.97,
*/ 9 0.99,G.995,0.9995,1.0/
*d,bd4b.3 . .
3 hsd/'sequential', 'direct'/,ibin/' fdusmcet'/,loddat/'03/20/99'/,
¥/ memmmemc e —— ——mm—————— R e b Rl el bttt L] ttyint

*ident ttdb2
*/ Uncomment (delete lst 3 columns) of next 2 lines to enable LAHEY F90

*/ compilation on DOS/WINDOWS. 07/07/97 (GWM/GWM)

*/ *d,tt4a.28 <1014>
*) call break(lockl)

*/

*/ Uncomment the following for DVF on PCDOS. 02/17/98 (GWM/GWM)

*/ *i,ttda.3 <989>
*/ use dfport,only:signal '

*/ *d,ttdb.5,tt4a.28 <1012-1014>

*/ *{f def,pcdos,1
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* / k=signal (2, pttyin, -1)
*ident its30

*d, jedb. 1 for conductor specification <1548>
parameter (nkcd=88,ntalmx=100,mopts=6)
*d,ib.72
data cnm(54), (kxq(i,54),1i=1,7)/'phys *,0,1, 0,1,-1, 10,0/
*d,ib4a.10 for conductor specification <1677>
data hmopt/'gas', 'astep', 'nlib', 'plib', 'elib’', ‘cond'/
e e e e e e ————— setdas
*d,/,sd.46 <3348>
*/ ell way used
*/ ns=8
ns=mstp

ledg=lech+mpng*mwng* (nee/ns+1l) *nmatl*ke
*d,sddb.13,sddb. 14
1fcdg=1lx85+10*nmmatl*nee
*d,sd.Ll69 for conductoxr specification <3488>
lcon=lemi+nmatl*ke
lfdd=slcon+nmatl*ke
*i,ced4a.182
if(bnum.ne.0.0.and.numb.ne.f)call erprnt(1,1,0,0,0,0,0,0,
1 '*only one kind of brems biasing allowed*')
*d,ce.598 bbrem fix on mtop.
1060 if(nwc.gt.49)go to 1070
H e e e e e e e e e e e w e — e w m e nextit
*d,nyda.36 for conductor specification <5445>
if(mlc.eq.b.and.nee.gt.0)cond(lcon+nmat)=ritm
ifimle.le.2.0r.mlc.eg.6)go to 728
*ident bnum
*d,ny.443,ny. 444 <5529-5530>
if(nwe.eq.6)then
*/ allow for negative bnum for average energy loss calculation in brems.
*/ automatically reduce the subsequent electron production. can be over-
*/ ridden by user with enum specification.
bnum=ritm
if (bnum.ne. zero)
1 enum=one/abs (bnum)
endif
if(nwe.eq.l0)numb=l
if(ritm.lt.0..0r.abg(l.-ritm).1lt..00001)return
*ident its3iQ .
*d,ny.744,ny. 745 <5830-5831>
1480 if({nwc.le.49)bbrem{nwe)=1l,/ritm
if(nwe.gt.49)mbi (lmbi+nwe~-49)=~iitm
*d,o0c4a.26,0cda.28 <6306-6308>
610 if(nwe.lt.49)call exprant(2,1,2,nwc,49,0,0,0,
1 ‘“too few entries:*,i5," werae read,*,i5," are required."')
m=49+max(kpt(3),kpt(2)*(1l-ides)) *nmatl
¥ emmea - e s o e 8 2 o a0 e ) 2 o 0 Rl e i e = getxst
*i,cor4-2.161
if(nt.ne.0) lmb=mb/ndp2
*i,gt.243 <16597>
*/ define an its30 flag only to ensure that its3.0 treatment is done
*/ in xsgen and colidp when nxs may have been zezoad
if(its30.eq.0)its30=nxa(lnxs+16, iex)
if{its30.ne.nxs (lnxs+1l6, iex))call erprnt(2,1, 0 0,0,0,0,
1 1,'* electron tables are incompatible.*')
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*i’

o

*/
*/

Xg.1ll <17823>

nwngsmwng
nstp=mstp

do 2 i=1,mbng
2 rka(i)=rkac(i)
if(its30.eq.3)go to 5
ntop=49

*/ mwng_ell=(mtop_ell+l)/2 .

*i,xg.17 <17829>

o000 0a0a0

*d,xg.18,xg.21 its3.0 radiation yields. <17831>

*/

*/
*/

*/
*/
*/

nwng=25

nstp=8

do 1 i=1,mtop
1 rkt(i)=rktc(i)

do 3 i=1,nwng
3 rka(i)=rkt(ntop-2*i+2)
5 continue

.000579=(electron_radius) **2/fine_structure_constant*le24
and z+1 has been replaced with z+eta, where eta accounts
for electron-electron bremsstrahlung.
"cross sections for bremsstrahlung production and electron-
impact ionization,* s. m. selzter, in monte carlo transport
of electrons and photons, t. m. jenkins, w. r. nelson, and
a. rindi, eds.

£=0.00579

if(nxs{lnxs+16,3j) .eq.3)f=crelec*crelac/fscon*l.d424

set up this way to allow for tracking the test problems.
if(nxs(lnxs+16,3).eq.3)go to 11
do 10 i=1,nxs(lnxs+3,j)
exs (ixs(ljxs+2,j)+i-1l)=log(exs(jxs(ljixs+2,j)+i-1)/gpt(3))
10 exs(jxs({lixs+2,3)+nxs(lnxs+d, jl+i-1)=
1 .000579*%z*(z+1.)*exs(jxs(ljxs+2,]j)+nxs(lnxs+3,j)+i-1)
go to 18
11 do 12 i=1,nxs(lnxs+3,3j)
exs (jxs{1lixs+2,j)+i-1)=log{exs(ixs(1lixs+2,j)+i-1)/gpt(3))
fl=exs(jxs(lixs+2,j)+2*nxs(lnxs+3,j)+i-1)
12 exs(jxs(lixs+2,j)+nxs(lnxs+3,j)+i-1)=
1 £*z*(z+fl) *exsg (jx3(ljxs+2,]) +nxs (lnxs+3,j)+i~1)
if(nxs{lnxs+9,3j}).gr.mtop)call erprnt{l,l,2,nxs{lnxs+9,3j),mtop,0,
1 0,1,'" nxs(9) greater than mtop."')
load values into rkt, rka, ntop, nwng only once.
if exs is sacrosanct in the future this code can all be expunged.
if{ntop.ne.0)go to 35
ntop=nxs (lnxs+9, j)
nwng=nxs (1nxs+10, 3)
if(nwng.gt.34)call erprnt(l,l,2,nxs(lnxs+10,j), 34,0,
10,1,'* nxs(l0) greater than 34."')

perform a linear interpolation on bbrem for bins one cannot specify.

interpolate on the low end of the biasing input. store values in
eba temporarily and then reload them and zero eba again.
if (bbrem{l).eq.zeroc)go to 16
n7=max(l,ntop-47)
do 14 i=ntop,n7,-1
14 eba(leba+i,l)=bbrem(49-ntop+i)
n8=max(l,ntop-48)
do 15 i=n8,1,-1 _
eba(leba+i,l)=bbrem(l)+(bbrem(2)-bbrem(1l))*
1 (exs(ixs({lijxs+9,j)+i-1)-exs(ixs(lixs+9,3})}/
1 (exs(jxs(ljxs+9,j)+n8)-exs{jxs(lixs+9,3)))
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15 if(eba(leba+i,l).le.zero)eba(leba+i,l)=max(bbrem(1),eba(leba+1,l))

Q

load photon energy ratios from database into fixed arrays.
c also load in interpolated bbrem values if needed.
16 do 17 i=1l,nxs(lnxs+9,73)
rkt (i) =exs (jxs(lixs+9,j)+i-1)
if{i.le.nxs (lnxs+10,j))rka(i)=exs(jxs(ljxs+10,3)+i-1)
if(bbrem(l).eq.zerolgo to 17
bbrem(i) =eba{leba+i, 1)
eba(leba+i, l)=zero
17 continue

go to 35
18 continue
*1,xg.27 <17839>
3% continue
*1,xg.92 <17892>

*/ istern is a flag for the sbs density effect treatment and if
*/ non-zero is the memory offset,
if(nxs(lnxs+16,lme(llme+3, jmd {1ljmd+mkc))).eq.3) istern=1
*/ bug repair
*d,xg.122 cn=min{iz, 2) *fme(lfme+im)/ (a*3.)
cn=zero
do 165 j=imd(limd+mke), jmd(limd+mke+l) -1
165 if(iz.eq.iza(liza+j)/1000)cnscn+fme(lfme+i)
cn=min(iz, 2)*cn/(a*l.)
*d,xyg.135 correct xnum bug which precludes turning electron impact
*/ jionzation k-xrays off.
if (xnum. ge. zero) xnm( lxnm+mke) =xnum
*i,xg.139
*/ to become ink(86)
if(ink(85) .eq.0)go to 180
af=avgdn/aa
write(iuo, ' (/29helectron secondary production, 75x,
1 l4hprint table 86/)°')
write(iuo, ' {
9x, 6henergy, L1x, L4hstopping power, 11x, Shbrems, 3x, 9hthick tgt, 3x,
7hk x-ray, 3x, 8hknock-on/
4x,1lhn, 14x, 19hcollision radlation,3x,5htotal,1Sx,5hbrems,16x,
/10x, 3hmev, 6x, 29hmev barn mev barn mev barn ,3x,S5hbarn ,
16x,4hbarn, 6x, 4hbaxrn) ')
do 175 n=nee-1,1,-1
nk=n+nee* (mkc-1)
175 write(iuo,176)n, eee(leee+n) , xsel8S5(1x85+1,nk)/at,
1 xse85(1x85+2,nk)/af,xse85(1lx85+3,nk)/at, pbr(lpbr+nk),
2 pbt(lpbt+nk),pxxr (lpxr+nk), pkn(lpkn+nk)
176 format(iS,lpel2.4,2(1x,5e10.3))
*i,xg.140 ' <17965>
if(ics30.eq.3)rka(l)=one
*/ debug prints remove for integration.
close(l7)
¢loge(l8)
close(19)
*ident bnum
*i,xg.142 set secondary electron to 1% arbitrarily for numb biasing.
if(numb.eq.l.and.enum.eq.l.)enum=1,/100,
*i,xg.145
if(numb.eq.l)write(iuo, 195)
195 format(' bremsstrahlung generated on each electron substep.'
1 /,' secondary electron production reduced by 99%.')

U
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*i,rn4a.4 <18709>
c

c set up some temporary dynamically allocated arrays for density

c effect calculation.

dimension fo(l),eq{(l),xq(l)}
*if -def,pointer,l
equivalence (das, fo,eq, xq)
*if def,pointer,l
pointer (kdy, fo), (kdy,eq), (kdy,xq)

*d,rn.1l,rn.12 <18728-18729>
c obtain an average density for a cell with the same material but
c different densities.

rh=zero

nh=0

ic=0

do 10 i=1,mxa
if (mat(lmat+i).ne.mkc)igo to 10
if(ic.eq.0)ic=i
rh=rh+rho(lrho+i}
nh=nh+l
10 continue
if(nh.eq.0.0or.rh.eq.zexo)
& call expirx(0,‘'‘ronge','zeroc density or non-existent material')
rh=xrh/nh
*d,rndb.16 £=1.13
iz=iza(liza+jmd(ljmd+mkc)) /1000
do 15 j=jmd(ljmdemke)+l, jrad(limd+mke+l) -1
15 if(iz.ne.iza(liza+3)/1000)go to 16

go to 21
16 £=1.13
*d,rn.23,rn.30 <18753-18759>
c az is zoa in the notation of sternhiemer, berger, seltzer.

*/ using this locution gives better agreement with its3.0 instead of crelec.
cr=planck*slite/ (2d0*pie*fscon*gpt(3))
pl=2d+18*cr*gpt(3) *fscon*sqre(pie*cr*rh*az)
su=2.d0*log(sr/pl)
if({istern.ne.0)go to 40

sternheimer and peierls treatment.

c ch=su+l.
cha2.*log(sr/(37.1*sqrt(az*rho(lrho+ic))))+1.
if(emi(lemi+mke) .eq.0.)go to 31
xb=4¢+min(l, int(cbh/12.25))
xazmax(.l*one*min (20, max(16,int(2.*cbh)~3)),.326*%cb-2.5)
go to 49

31 xb=2+min{(l,int(sr/100.))
xa=zmax(.2+zero, .326*cb~-.5*xb)

[¢]

go to 49
c
c sternheimer, berger, and seltzer treatment.
40 lr=0 '
11=0
12=0

do 41 j=jmd{ljmd+mkc), jmd(limd+mke+l} -1
ns=nxs{lnxs+11,lme(llme+3,3))

zs=exs (jxs(ljxs+1ll,1lme{1llme+3, j))+ns-1)
if((cond(lcon+mke) .eq.zero) .and. {(z9.gt.zero) ) 1l=ll+l
if({cond(lcon+mkc) .gt.zero).and. (z9.1t.zero))12=12+1
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41 lr=lr+ns

c
o] check conductor or non-conductor assignment. non-conductor
c if assigned by cond<0, or =0 and at least one non-conducting
c component. conductor 1f assigned cond>0 and at least one
c conducting component, or cond=0 and no non~conducting
e components .
if(cond (lcon+mke) .ne.zerolgo to 42
1£(1l.ne.0)go to 47
cond {lcon+mke) =one
call erprnt(1,2,1,mke,0,0,0,0,
& ‘"material ",i4," has been set to a conductor'')
go to 47
42 1f{12.ne.0)go to 47
if(cond{lcon+mke) .eq.-one)go to 43
call erprnt(l,2,1,mke,0,0,0,0,
& '"material* ,id,* has bheen set to a non-conductor*‘')
call erprnt(1,2,0,0,0,0,0,0,
& '"no conduction electrons available"')
43 cond(lcon+mkc)=zero
c
c add memory for temporary arrays.
47 if(istern.eq.l)istern=lmb
if{lmb-istern.gt.3*lxr)go to 48
17=(3*1lr+istern) *ndp2
if(1f11.1t.17)call chgmem{mdas, 1£11,17, 'ronge'}
lob=17/ndp2
48 ld=istern
call denl(az,su,pl,fo(ld+1l),eq{ld+l+1lr) , xg{ld+1+2*lr), nt,wt, tm)
if(nt.gt.lr)call exprnt(l1,1,2,1r,nt,0,0,0,
1 '*memoxy problem *,i4,* allocated *,id," used,"')
49 continue
*i,rn.45
*d,rn.48,rn.49
in=1
if(nxs (lnxs+16, lme (1lme+3, jnd (limd+mke)) ) .ne.3)bl (k)=bl (k) +
1 apolilog(s),exs(ixs(ljxs+2,ix)) , exs(Jxs(lixs+2,ix)+
1 nxs(lnxs+3, ix)),nxs(1lnxs+3,ix) ) *fme(lfme+j) *gpt (3} * (a+1.)
if(nxs(lnxs+16,lme(llme+3,jmd(ljmd+mkc))).eq.3)bl(k)=bl(k)+
1 spol{log(s),exs{jxs(lijxs+2,ix)) exs{jxs{lixs+2, ix)+
1 nxs(lnxs+3, ix) ), nxs (lnxs+3, ix),in) *fme(lfme+j) ¥
1L gpt(3)*(s+l.)
60 continua
*d,rn.53,n.587 <18782-18786>

d=zero
if(istern.eqg.0)go to 65
call den2(s,tm, fo(ld+l),eq(ld+l+lr),xq(ld+1+2*1lr), nt,wt,d)
go to 69 N
68 x=.4342945*1log(sqrt(a” (a+2.)))
if(x.gt.xa)d=max{zero, 4.606*x-ch+(chb-4.606*xa)*
L ((xb-min(x,xb))/ (xb-xa))**3)
69 if(k.eq.1l)dd=d
*d,rndb.62,rndb. 64
80 nk=n+nee* (mkc-1)
xseB5(1x85+1,nk)=el(l)*af
xseB5 (1x85+2,nk)=bl(l)*af
xseB5 (1x85+3,nk)=(el{l)+bl(l)}*af
1f(jovr{l)+jove(3)+jovr(5).ne.3)go to 85
*i,rn4b.68 load correct bs <18842>
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bs=e*(e+2.*gpt(3) )/ (e+gpt(3)) **2

*d,rn4b.70 <18844>

xseB85(1x85+7,nk)=cl*af*az*dd/bs

*d, rn4b.77 <18856>

91

94
95

1 1h.,2x,24hmean ionization energy =,1lpel2.5,4h ev./)
if(istern.eq.0.or.nz.ne.ljgo to 94

write(iuo,'('' density effect data'')')

if(cond(lcon+mke) .eq.zero)write(iuo, ' ('' non-conductor' ') ')
if(cond(lcon+mke) .gt.zero)jwrite(iuo, ' {'' conductor'')"')

do 91 j=jmd(ljmd+mke), jmd(lijmd+mkc+1l)-1
iz=iza(liza+j) /1000

ns=nxs (lnxs+1ll, lme(llme+3,j))

write(iuo, ' ("' z ='',i4)') iz

write(iuo, ' ("' occ no, be(ev) pairs'')y')
write(iuo, ' (6(6x,£3.0,£11.3))")
& {exs{jxs({ljxs+ll,1lme(llme+3,3j))+nn-1),
& exs(jxs(ljxs+1ll,lme(llme+3, j))+ns+nn-1),
& nn=1,ns)

write(iuo, ' ('’ plas(ev) wt tmin (mev) ' ‘) ')
write(iuo, ' (3x,3£12.5)') pl,wt,tm*gpt(3)

write(iuo,'(/)")

if({nz.eq.l)write(iuo, 95)

format(

*addfile ,rn <18873>
*deck denl

* 000 00000a0a0

(5]

call

10

20

subroutine denl(az,su,pl, fo, eq, xq, nt,wt, tm)

calculate oscillator parameters, fo, eq, xq, and the number
of oscillators, nt, based on shell data of carlson and the
plasma frequency, pl, and log of the ionization potential, su.
return the fitting parameter, wt, and minimum
normalized kinetic energy, tm, for use in den2.
this routine solves eq. (10) of r. m. sternheimer, s. m. seltzer,
and m. j. berger, “density effact for the ionization loss of
charged particles in various substances*®, phys rev b, 26, 6067(1982).

cn

dimension fo(l),eq(l),xq(l)

nt=0

do 20 j=jimd(ljmd+mkc), jmd(ljmd+mke+l) -1

iz=iza{liza+3j)/1000

ns=nxs (lnxs+1l,1lme(llme+3,j))

do 20 n=1,ns

zs=exs(jxs(lixs+1l,lme(llme+3,3))+n-1)

nt=nt+l

fo(nt)=fme(lfme+j)*abs(zs)/az

if((cond(lcon+mke) .ne.zero) .and. (zs.le.zero))go to 10

xq(nt)=(exs(ixs(ljxs+11, Ilme(llme+3, j))+ns+n-1)/pl) **2

eq(nt)=2.40*chird*fo(nt)

go to 20

xq{nt)=zero

egq(nt)=£fo(nt}

continue

find fitting parameter rho termed wt here following
sternheimer, berger and seltzer as implemented in its3.0.
mt=0
wt=2.d0

30 xo=wt

fu=zero
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40

c
c
c
50
60
70
80
<
¢
90
*deck
c
c
c
¢
¢
*call
10
20
c

dr=zero

do 40 n=1l,nt

paswt*wt*xq(n) +eqg(n)

fu=fu+fo(n) *log(pa)

dr=dr+fo(n)*2.d0%*wt*xg(n) /pa

wt=wt-(fu-su) /dr

mt=mt+1

if(mt.lt.25)go to 50

call erprnt(1,2,1,mt,0,0,0,0,
& '110," iterations denl fitting parameter has not converged."')

when no fitting parameter is found, arbitrarily set it to
a small value.

wt=l.e-4

go to 70

if(wt.gt.zero)go to 60

wt=x0/2.d0

go to 30

if(abs(wt/xo-one} .gt.1.4-6) go to 30

w2=Wwt*we

do 80 1l=1,nt

xq(1l)=w2*xc (1)

eq(l)=xq(l)+eq(l)

find minimum normalized kinetic energy.
tm=zexo
if (cond(lcon+mke) .gt.zero) return
sm=zero
do 90 1=1,nt
sm=gsm+fo (1) /xq(l)
bg=one/ (one+smn)
tm=one/sqrt (one-bq) -one
raturn
end
den2 )
subroutine den2 (s, tm, fo,eq, xq,nt,wt,d)

calculate the density effect, d, based on fitting parameter, wt
and oscillator parameters, fo, eq, Xq, at normalized energy, s
greater than tm. d=zero otherwise.
this routine solves ags. (5) and (6) of sternheimer (1982).

em '

dimension fo(l),eq(l),xg(l)

d=zero :

if(gs.le.tm)return

me=0

re=one/ (s* (8+2.40})

rc=(s+one) **2

X=one/re

Xo0=X

fn=zero

dv=zero

do 20 n=1,nt

fn=fn+fo(n)/ (xq(n) +x)

dv=dv-fo({n) /[ {xq(n) +x) **2)

x=x~-{fn-re) /dv

mt=mt+1

if(mt.1lt.25)go to 30
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c when no fitting parameter is found, arbitrarily set it to
c zero.
call erprnt(l,2,1,mec,0,0,0,0,
& '110,"iterations den2 fitting parameter has not converged."')
call erprne(l,2,0,0,0,0,0,0,
& '“*density effect correction set to zero."')
X=2ero
go to 50
30 if(x.ge.zercolgo to 40
X=x0/2.d0
go to 10
40 if(abs(x/xo-one).gt.l.d-6) go to 10
50 d=-x/rc
do 60 l=1l,nt
60 d=d+fo(l)*log(one+x/eq(l))
return
end
*ident its30
A e b T L e e R e R D L L R sing
*d,sndb.4,sn4b.6 <19016-19018>
c the constant 3.1329 is 4. * 0.885**2
c which is (3.40*pies4.d0)**(-4.d0*third)
ea=(1.13+3.76*sqre(s/(s+l.))*u**2)*z** (2. *third)/(3.1329*t4*
1 fscon**2)

WA D B L D LRl D el E L et bl Rl D b L DL b brem
*i,bm.6 <19130>
c

c set up some temporary dynamically allocated arrays for

c bremsstrahlung production calculation.

dimension xs(1),x2(1),ei(l),xi(1)
*if -def,pointer,1l
equivalence (das,xs,x2,ti,xi)
*if def,pointer,1l
pointer (kdy,xs), (kdy,x2), (kdy,ti), (kdy,xi)

*i,bm.8 <19132>
data 1d4/0/
save 1ld ’

*i,bm.11 <19135>
if (nxs({lnxs+16,1lme(llme+3, jmd(ljmd+mkec))) .ne.3)then

*4,bm.23 <19147>
do 100 k=2,ntop '

*d,bm.61 <1918%>
pbr (lpbr+n+nee* (mkc-1) ) =eba(leba+ntop,n+nee* (mkc-1))/30

*d,bm.64 . <19188>
do 110 k=2,ntop

*3,bm.66 . . <19190>
1 eba(leba+ntop,n+nee* (mke-1))
else

c

c bremsstrahlung production cross sections based upon the evaluation

c described in:

c “cross sections for bremsstrahlung production and electron-

¢ impact ionization," s. m. selzter, in monte carlo transport

c of electrons and photons, t. m. jenkins, w. r. nelson, and

c a. rindi, eds. algorithm implementation based upon its3.0 and

c fit values from its3.0 database.

c set up dynamic memory. use the values for the first zaid

o] since they are equal.

ix=1lme(llme+3, jmd(ljmd+mkc))
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nm=nxs (lnxs+5, ix)
km=nxs (lnxs+6, ix)
lr= (km+rum+ (nm+nee) *km)
if(ld.eq.0)call chgmem(mdas,1£1l1l, (lmb+1ly) *ndp2, 'brem')
if(ld.eq.0) lmb=1lmb+1lx
ld=1lmb-1r
1x=1d
le=1x+km
ls=lt+nm
L2=1ls+nm*km
do 320 n=1,1lr
320 xs(ld+n)=zeroc
do 330 j=imd{ljimd+mke), jmd{ljmd+mkc+1) -1
ix=lme (llme+3, )
z=nxs (lnxs+2, ix)
do 330 n=1,nm
ti(le+n) =loglexs(jxs(ljixs+5, ix)+n-1))
do 330 k=1l,km
xs{ls+n+(k-1) *nm)=xs (ls+n+ (k-1) *nm) +
& z*z*exs (ixs (Lljxs+$, ix) +km+n-1l+k*nm) *fme (1fme+j)
330 continue
do 340 k=1,knm
xi(1lx+k) =log( (one-exs(ixs(lijxs+5, ix) +nm+k-1))+1.d~-6)
do 340 n=1,nm
340 xs(ls+n+(k-1)*nm)=log(xs(ls+n+(k-1) *nm))
do 350 k=1, km
in=1
do 350 n=1,nee
tl=log(eee(leae+n))
bl=log({one-(gpt(3)/(eea{leea+n) +gpt(3)))**2)
*/ quadratic fit if spol is not desired.
¥/ 350 x2(12+k+(n~1)*km)=gpol(tl, ti(le+l), xs(ls+1l+(k-1)*nm),nm)
350 x2(1l2+k+{(n-1)*km)=spol(tl,ci(lt+l),xs(ls+l+(k~1)*nm),nm,in)
& -bl
do 390 n=1,nee
eba (leba+l,n+nee* (mkc-1))=zaro
in=1
do 380 k=2,ntop
de=rkt{k)-rkt(k-1)
do 360 np=1,1l
ek (np)=rkt(k)-real (np-1)*de*l.d~1
xp=log( (one-ek(np))+1.d=-6)
*/ quadratic fit if spol is not desired.
*/ 360 gl(np)=exp{gpol (xp,xi(lx+1),x2(12+1+(n-1)*km), km})
360 g(np)=exp(spol (xp,xi{1x+1l),x2{12+1+(n~1)*km}, km, in))
do 370 i=1,11
370 g(i)=g(i)/ek(i) ’
380 eba(leba+k,n+nea* (mkc-1))=
& (gll)+4.d0*(g(2)+g(4)+g(6)+g(8)+g(1l0))+
1 2.40%(g(3)+g(B5)+g{7)+g(9))+g(ll)) *de+
2 eba(leba+k~1,n+nee* (mke-1))

¢
¢ 30=3* (number of integration peints -1)

pbr (lpbr+n+neea* (mkc-1) ) zeba (leba+ntop, n+nee* (mkc-1))/30.40
C
c " normalize the cumulative unbiased probability, eba.

do 390 k=2,ntop
390 eba{leba+k,n+nee* (mke-1))=
& eba(leba+k,n+nee* (mkc-1))/eba(leba+ntop,n+nee* (mkc-1))
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*/

60
*d

*d

*d

*d

*d
*d
*d
*d
*/

*/
*i

*i

*d

*d

*d

*d

*i

*i

endif

write the cross sections for validation and debug
do 601 n=1,nee
write(l7, *)eee(leee+n) ,pbr{lpbr+n+nee* (mke-1))
write(l8,*)' new group ', eee(leee+n)
do 601 k=1,ntop

1 write(l8,*)rkt(k),eba(leba+k, n+nee* (mkc-1))

om.75 <19199>
do 120 k=2,ntop

,bm.80 <19204>
1 g=qpol (e/eece(leee+]j) ,rkt,eba(leba+l, j+nee* (mkc-1)),ntop)

,bm.86 <19210>
do 130 k=2,ntop

,bm.88,bm,.89 <19212-19213>
1 ebt(lebt+ntop,n+nee* (mkc-1))
do 140 k=1,ntop

,bm.98 <19222>
do 150 k=2,ntop .

,bm.103 <19227>
do 160 k=1,ntop-1

,bm.108 <192132>
do 170 k=2,ntop

bm.113 <19237>
do 180 k=1,ntop-1

,bg.? correct possible parameter and constant mismatch <19273>
save ih,nl,n2,rx2
data ih/0/

,bg.8 correct possible parameter and constant mismatch <19274>
if(ih.ne.0.or.nxs(lnxs+16,1lme(llme+3, jmd(ljmd+mkc})}) .ne.3)go to 2
ihsl '
nl=(mpng+l) /2
n2=nl-1
r2=£float(n2)
do 1 i=1,nl

1 em(i)=(i-1)/r2
2 continue

,bg.13 <19279>
do 150 n=1,nee,nstp

«bg.15,bg.16 . <19281-19282>
do 20 k=1,nwng

20 ek(k)=rka(k)*s

,bg.25,bg.27 correct possible parameter and constant mismatch <19291-19293>
xki(l)=(1.+.1*b*(11-1))/(1.+b)
ch{l)=(11-1+10.*b)/(10.+b*(11-1))
if{nxs (lnxs+16,lme{lime+3, jmd(ljmd+mke))) .ne.3)go to 30
xi(l)=(one+b*(ni-1)/r2})/(one+b)
¢ch(l)={nl-1+r2*b)/ (x2+b*(nl-1))

30 continue
do 150 k=1,nwng

,bg.104 <19370>
150 ech(lech+l,k,n/nstp+l+(nee/nstp+l)* (mkc~-1))=min(max(zero,
,bg.105 write the cross sections for validation <19371>

do 510 n=1,nse,nstp

do 510 k=1,nwng

do 510 1l=1,mpng
510 write(19,*)n,k,l,ech(lech+l,k,n/nstp+l+(nee/nstp+l)* (mkc-1))
,mr.6 blue
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integer*4 mz
mzzntasks
call mp_set_numthreads(mz)
*d,mr.17,mxr.18 blue
call secnd(cp2(l))
cpl=cp2(1l) -cpa
*i,mr.92 blue
C$PAR PARALLEL DO
do 141 i=1,ntasks
141 call trnspt
*d,tn.52,tn.5%4 blue
if(t2.ge.cp2({ktask+l)-1.1go to 5Q
write({jtty, 40)kod,cp2(ktask+1l)/60.,t2/60.
write(iuo, 40)kod,cp2(ktask+1)/60.,t2/60.
*d,tn.59,tn.61 blue
50 cpl=cpl+t2-cp2(ktask+l)
cts=cts+t2-cpl{ktask+l)
60 cp2(ktask+1l)=t2
*d,ut.27,ut.28 blue
mz=mp_my._threadnum{)

ktask=mz
*/
e e i e e e e e e e e S e e msgcon
*/ Fix a print bug. Wrong number of arguments. 07/07/97 (GWM/GWM)

*d,medb.82 blue

call secnd(cp2(l))
*d,medbh.154 blue

call secnd(cp2(l))
*ident medb2

*d,medbh. 195 <20311>
call errprn(0,3j,1,one*max(1, ntasks) zexro, 'ntk', ' ',

*/ Force PVM to free some buffers, 07/07/97 (GWM/GWM)

*/ $20 awarded to Dudley A. Raine, III, ORNL (XTM:JSH-97-176) (GWM/GWM)

*1i,medb.311 <20498>

(o)

o] free the receive buffers.

do 582 nt=1l,ntasks
582 call mfbuf(ib(nt),i)
*d,med4bh.338 blue
call secnd{cp2(l)}))
*d,medb.388 blue
cpl=cpl+t-cp2(1)-cp3
*/ .
F ] ot i e i s ot 0 o 9 D L o g e S e B e e e 3 e startp
*ident spdb2
*/ Wrong index. Affects var. reduction and tracking 07/07/97 (GWM/GWM)
"~ *d,sp4b. 8, sp4éb. 10 <21159-21161>
if(wel(i).ge.0.)go to 85
weslte{i)=-wel(i) *wgt
wesdte(i)=-wc2 (i) *wgt

¥/

K et e e e et i G 1 0 el e e e e levcel
*ident 114b2 .

*/ 8ilent wrong answers for near-coincident lattices. ) 08/25/97
*/ $20 to Lee Montierth (INEEL) XTM:JS5H-97-208 .

*d,114b.25 ‘ <22232>

jsu=-absg (jsu)
if(l.gt.ll+1l.and.lat(llat+1,icl).ne.0)call findel{icl)
jsu=absg (jsu)

Page 39



*/
*/ Rt T L T T RS S ypbssp
*ident yp4b2
*/ Wrong index. Affects var. reduction and tracking. 07/07/97 (GWM/GWM)
*d,yp4b.2,ypéb.4 <22590-22592>
if(wecl(i).ge.0.)go to 45
wesltco (i) =-wel (i) *wgt
wcs2te (i) =-wec2 (i) *wgt
*/
i b LD T R wwval
*ident wedb2
*/ Fix a print bug. Wrong number of arguments. 07/23/97 (GWM/GWM)
*d,wedb. 145 <23152>
200 call errprn{l,nwsg(3),-1,1,icl,' ', 'icl',
*/
e e i b T T TR, track
*ident trdb2
*/ Silent wrong answers for near-coincident lattices. 08/25/97
*/ $20 to Lee Montierth (INEEL) XTM:JSH-97-208
*d,tr4b.18 <23651>
if(dl(i)+coincd.lt.dl(levp))go to 445
i/ X .
e e e e e e e findel
*ident fn4b2
*/ Silent wrong answers for near-coincident lattices. 08/25/97
*/ $20 to Lee Montierth (INEEL) XTM:JSH-97-208
*d,fn.6 <24481>
dimension ii(3),3jx(14,2)
*i,fn.7 after equivalence <24482>
data jx/1,1,2,2,3,3,1.,1,2,2,2,2,3,3,
1 1,-1,1,-1,1,-1,1,-1,1,-1,2,-1,1,-1/
*d,fn.10 n= <24485>
*d, fndb.5,fndb.16 ii(i)= thru label 10 <24493-24504>
10 ii(i)=nint(a)
*d,fn.22,£n.52 ' . <24510-24550>
<
c correct for coincident surfaces and hexagonal prism lattices.
¢ check if new location completely inside lattice element.
je=0 ’
30 je=jc+l
if(jec.ge.10)go to 70
do 60 jk=lca{llca+ic),abs(lca(llca+ic+l))-1
j=abs(lja(llja+jk))
k=kst(lkst+3)
l=1sc(llsc+3)
if(k.eq.l)td=scEf(1l+1l) *xxux+9Ccf (1+2) *yyy+scf(1l+3) *zzz-50f(1+4)
if(k.ne.l)td4=gpblcm(k=1)-scf(l+l) ’
if(jsu.ge.0)go to 40
if(ksc(lksc~Jsu) .ne.ksc(lksc+j))go to 40
if{k.eq.l)tS5=sscf(1l+l) *unu+scf (1+2) *vyvescE (1+3) *www
if(k.ne.l)t5=gpblcm(k+2)
if(abs(td).le.coincd*abs(t5))t4=t5
40 if(lja(illja+jk)*td4.gt.0)go to 60

c location coincident with or beyond surface j, index ix.
jl=jk-lca(llca+ic)+6*lac(llat+l,ic)~5
ix=j%(31,1)
iy=jx(31,2)
50 ii(ix)=ii(ix)+iy
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XXx=xxx-1y*vel (lvel+l, ix, m)
YYYy=yyy-iy*vel(lvel+2, ix,m)
zzz=zz2z~-iy*vel (lvel+3, ix, m)

c
c if on or beyond hex side 3, increment sides 1 and 2.
if(ix.ne.2.0r.jl.le.1ll)go to 30
idi=iii-iy
XXX=Xxx+iy*vel (lvel+l, 1, m)
YYY=yyy+iy*vel (lvel+2, 1, m)
zzz=zzz+iy*vel (lvel+d, 1, m)
go to 30
60 continue
return
70 kdb=1
*/
et e e T T T findlv
*ident fvdb2
*/ Silent wrong answers for near-coincident lattices. 08/25/97
*/ $20 to Lee Montierth (INEEL) XTM:JSH-97-208
*d,fv.35 <24587>
60 jsu=-abs (jsu)
if(lar(llat+l,icl) .ne.0)call findel(icl)
jsu=abs (jsu)
*/
H e e e et e e e e e chkcel
*ident ccdb2
*/ Silent wrong answers for near-coincident lattices. 08/25/97
*/ $20 to Lee Montierth (INEEL) XTM:J5H-97-208
*d,ccdb. 4 <24700>

tS=scf (i) *udu+scE (i+1l) *vvv+scf (1+2) *www
if (abs(t4).le.coincd*abs (t5)) t4:=t5

*d,ccd4b.9 <24705>
if(abs(td).le.coincd*abs (gpblcm(k+2))) td=gpblem(k+2})

*/
B e e o e e colidp
*ident flaug
*b,cp.163 ' <26798>
1f{its30.ne.3) then
*i,¢cpda.l6 <26874>
alse
ar=erg
ie=iex
ik=ipt
call flaug{er, ie,mk, ik)
endif
*addfile ,cp <26916>

*deck flaug
subroutine flaug(er,ie,mk,ik)

o]
c a subroutine to generate flucurescent photons or auger

c electrons to £ill vacancies.

c called by colidp and kxray.

¢ er=energy of absorbed photon or edge energy for kxray

c ie=element that is undergoing the interaction; for kxray it is
¢ the highest z element.

c mk=material and ik=ipt for kxray(3) or colidp(2) for keeping

c track of parent particle for bookkeeping and vr.

*call om

ipt=2
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10
20

25

30

40

41

42

ntyns=3

rp=0.
if(ik.eq.2)go to §
vel=slite

necp=0

idx=0

check for electron emission from impact ionzation.

if({rang() .gt.wwk(lwwk+mk))go to 80
if(dbcn(20) .ne.0.)rp=1.
if({nxs{lnxs+2,ie).le.1ll)go to 90
il=jxs(ljxs+4,ie) +2
if(er.le.xss(il-1))go to 90

do 10 ka=il,il-3+nxs(lnxs+4,ie)
if(er.le.xss(ka))go to 20
ka=zka+nxs(lnxs+4,ie) -1

kO=ka

ka=k0

t3=xss (ka) *rang ()

ka=ka+nxs (lnxs+4,ie)
if(ik.eq.3.and.t3.ge.xss(ka))go to 25
if(ik.eq.2.and.t3.ge.xss(ka))go to 90
rp=1l.

ka=ka-1

if(t3.le.xss(ka))go to 30

at least single fluorescence or auger electron.

eg=xss (ka-2*nxs{lnxs+4,ie)+1)
if(kpt(3).eq.0)go to 40
if(ik.eqg.2.and.rang{).gt.wwk{lwwk+mk))go to 80
e=xss (nxs (lnxg+4, ie) +ka+l)
if(e.lt.elc{2))go to 90

if(ik.ne.2)go to 41

paxtc{4,12,2) =paxtc(4,12,2)+1.
paxtc(5,12,2) =paxtc(5,12,2) +wgt
paxtc(6,12,2)=paxtc(6,12,2) +wgt*erg

pwb (kpwb+2, 18, icl) =pwb (kpwb+2, 18, icl) -wgt
pan (kpan+2, 3, mpan) =pan (kpan+2, 3, mpan) +wgt
ed=0.

if(nxs(lnxs+2,ie).le.30)go to 60
iska+l-2*nxs(lnxs+4,ie)
if(i.ne.il.and.i.ne.il+l)go to 60
i=il-2+nxs (lnxs+4,ie)

kasnxs(lnxs+d, ie)+i+l

if(rang() .ge.xss(ka)/(1.-xss(i)))go to 60

double fluorescence. bank the second photon.
ergsxss (nxs (lnxs+4, ie) +ka)
if(erg.lt.elc(2))go to 60
if(ik.ne.2)go to 42
paxtc(1l,16,2)spaxte(l,16,2)+1.
paxtc(2,16,2)=paxtc(2,16,2)+wgt
paxtc(3,16,2)=paxtc(3,16,2)+wgt*erg
pwb (kpwb+2,17,icl) spwb(kpwb+2, 17, icl) +wgt
go to 43
paxtc(l,14,2)=paxtc(l,14,2)+1.
paxtc(2,14,2)=paxtc(2,14,2)+wgt
paxtc(3,14,2)=paxtc(3,14,2) +wgt*erg
pwb (kpwb+2, 16, icl) =pwb(kpwb+2,16,icl) +wgt
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Q

43

ntyn=4

call isos{uuu,lev)

sw=wgt

if(ik.ne.2)go to 44

if(abs (wwp(2,4)) .eq.l..and, (idx.eq.0.or . wwp(2,9).1t.0.))

1 call wtwndo (4, ww)

44

50

60

if(nter.ne.0)go to 50

if(espl{2,1).ne.0.)call ergimp

if(nter.ne.0)go to 50

npa=1

call bankit (9)

ed=erg

wgt=gsw

go to 60

paxtc{4,nter, 2)=paxtc {4, nter,2)+1.

paxtc (5, nter, 2) =paxtc{’,nter, 2) +wgt

paxtc (6, nter, 2)=paxtc(6,nter,2)+wgt*erg

pwb (kpwb+2, jrwb (nter, 2), icl) =pwb(kpwb+2, jrwb(nter, 2) ,icl) ~wgt
nter=0 R
if(ides.eq.0.and.ik.eq.2.and. eg0~eg-ed.gt.elc(3))

& call emaker(l,eg0-eg-ed)

61

70

erg=e
ipsc=99+ntyn

call isos(uuy, lev)

if(ik.ne.2)go to 61
paxtc(l,15,2)=paxtc(l,15,2)+L.
paxtc(2,15,2)=paxtc (2,15, 2) +wgt
paxtc(3,15,2) =paxtc(3,15,2) +wgtrery

pwb (kpwb+2, 17, icl) =pwb (kpwb+2, 17, icl) +wgt
go to 100

continue

if(jgp.le.-2) jgp=igp+2
paxtc(l,14,2)=paxtc(l,14,2)+1.
paxtc(2,14,2) =paxtc({2,14,62)+wgt

paxte(d, 14,2) =paxtcild,14,2) +wgtrery

pwb (kpwb+2, 16, icl) =pwb (kpwb+2, 16, icl) +wgt
do 70 i=1,ndx(2)

L€ ((xxx~-Axx(2,1,1)) **2+(yyy-dxx(2,2,1))**2+

1 (zzz-dxx(2,3,1))**2.1lt.dxx(2,5,1)) idx=1

80

30

100

if(ndet(2).ne.0)lcall tallyd

if (kdb.ne.0)return

if(ndx(2) .gt.l.or.ndx(2).eq.l.and.idx.eq.0)call dxtran
if(kdb.ne.0) raturn .

call bankit(18)

go to 100

make electrons either auger ox photoelectric.
set ipt=ik for bookkeeping.
ipt=ik
if(ides.eq.0.and.eek(leek+mk) .gt.elc(3) . .and.
1 (dbcn(20) .ne.0..or.exr.ge.edg(ledg+mk)))
1 call emaker(4,eek(leek+mk))
if{ides.eq.0.and.egl-rp*edg(ledg+mk) .gt.elc(3) . and.
& ik.eq.2)call emaker{l,egO-rp*edg{ledg+mk))
if(ik.ne.2)go to 100
nter=12
pani{kpan+2,3,mpan) =pan(kpan+2, 3, mpan) +wgt
continue
return
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*/
N e e e e e e e ttbr
*ident bnum
*d,th.23 <27185>
pr=pr*abs (bnum)
*d,tb.46 <27204>
if (abs (bnum) .gt.0..and.bnum.ne.l.)wgt=wgt/abs (bnum)
*ident its30
*d,tbh.67,tb.68 <27223-27224>
pk=gpol (rn, ebt (lebt+l,m+nee* (mkc-1)), rkt,ntop)
pa=qpol (rn, ebt(lebt+1l, m+l+nee* (mke-1)), rkt,ntop)
*d,eb.73 ' <27229>
do 110 j1=2,ntop-1
*d,tbh.75 <27231>
120 do 130 j=2,ntop-1
*/
R A e e T T T T kxray
*ident flaug
*b,kx.24 <28859>
if(nxs(lnxs+16,lme(lilme+3, jmd{limd+mke))) .ne.3)then
*i,kx.51 <28883>
else
if(iphot.ne.0.or.£fiml(2) .eq.0..0r.eek(leek+mke).le.elc(2})
1 go to 80
o]
c assume the electron has enough energy to excite the atom
c above the threshold of the highest K shell energy of the
c highest Z atom of the material.
71 jm=jimd{1ljimd+mke)
do 72 j=jmd(ljmd+mkc), jmd(limd+mkc+l) -1
72 if(iza(liza+j).gt.iza(liza+jm)) jm=j
ix=1lme(llme+2, jm)
iex=ix
mk=mkec
*/ erzxss(jxs(ljxs+4,ix) +nxs(lnxs+4,ix)-1)*1.00001
c
c 1.0001 assures round-off does not give spurious results
er=edg(ledg+mkec)*1.0001
if(er.gt.egl)er=egl
ik=ipt
call flaug(er,ix,mk, ik)
endif
*/
¥/ ~mmmcccccccccccemcn—- L il R ettt B brems
*ident its30
*i,bb.6
(o} .
c el is dimensioned to keep track of first, possibly real event
c energy losg, and second and higher order events to keep track of
¢ energy loss only for production purposes.
c ib flags real events in conjunction with numb vr use.
dimension el (2) :
*d,bb.11 if(pr+rang().lt.l.)return
rl=rang{()
pl=exp(-pr)
ib=1

1

if((nxs (lnxs+16, lme(llme+3, jmd(limd+mke))) .eq.0
.and.pr+rl.lt.l1l.).0or.
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1 (nxs(lnxs+16,lme(llme+3, jmd(limd+mke))) .eq.3.and.rl.lt.pl)) ib=0
if (numb+ib.eq.0) return

c set up to produce none, one, or more photons.
npa=1
nb=1

c do splitting or roulette if bnum biasing is used.
if(bnum.ne.one.and.dbcn(23) .ne.zero) then
nb=abs (bnum) +rang ()
if(nb.eq.0) then
npa:=0
nb=1
andif
endif
wb=wgt
1f(bnum.ne.zero.and.dben(23) .ne.zexro)
1l wh=wgt/abs (bnum)
rb=nb
wl=wb
if(nunb.eq.l)wb=wb* (one-pl)
ps=pl
cdo 240 nl=1l,nb
ie=min{nl, 2)
el (ie)=zera
if(nxg (lnxs+16, lme(llme+ld, jmd (ljmd+mke))) .eq.0)go to §
pl=ps
ap=pl
fa=zero
*d,bb.14 <28908>
5 npb=npb+l
*d,bh.21,bb.23 bnum : <28915-28916>
*1,bb.2% bnum <28918>
wgt=wb
*ident its30
*d,bhda. 4
as=egl-qo*dk-el(ie)
if({es.lt.elc(3))go to 200
*d,bb.40,bb.41 <28930-28931>
pk=gpol (rn, eba (leba+l, m+nee* (mke-1) ), rkt,ntop)
pa=qpol{rn,eba{leba+l,m+l+nee* (mkc-1)),rkt,ntop)

*i,bb.43 debug print

¢ write (20, *)erg

*ident bnum

*d,bb.46 bnum <28936>
c

c. accunmulate radiative energy loss for first photon or all

c of them for bnum<0.

el (ie)=el(ie)+erg
if(nl.gt.l.and.bnum.lt.zero)el (l)=el(l)+ery
*d,cord-1.163 bnum <28939>
if (iphot.ne.0.or.£fiml(2).eq.0..0r.es.1lt.elc(2) . .0r.
& npa.eq.0)go to 200
*ident its30
*d,bb.%4,bh.55% <28944-28945>
pk=qpol (rn, ebd (lebd+1l, m+nee* (mkc-1)), rkt,ntop)
pa=apol (rn, ebd (lebd+1l, m+l+nea* (mke-1)), rkt,ntop)
*d,bb.57 <28947>
do 60 jl1=2,ntop~1
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*d, bb.59% <28949>
70 do 80 j=2.ntop-1
*ident bnum
*d,bb.71,bb.74 bnum <28961-28964>
if (bnum.eq.l.)go to 110
if(dben(23) .ne.zero)go to 110
npa=bnum+rang()
if(npa.eq.0)go to 200
wgt=wgt/bnum
*ident its30
*d,bb.89,bb.105 <28978-28994>
k=(m-1) /nstp+1
ek=eee{leese+(k-1)*nstp+l)-es
el=es-cea(lece+k*nscp+l)
do 140 j=2,nwng
140 if(pj.ge.rka({j))lge to 150
150 rj=rka(j-1)-pi
sj=pj-rka(j)
l=rn* (mpng-1)
pl=rn* (mpng-1)-1
gl=1.-pl
i=lech+l+l
mc=k+ (nee/nstp+l) * (mke-1)
if (nxs (lnxs+16,lme{llme+3, jmd(lijmd+mkc))) .eq.Q) then
cx=4.%*(ql*sj*el*ech(i, j-1,mc)+pl*ri*ek*ech(i+l, i mc+l)+
1 pl*sj*el*ech(i+l,j-1,me)+ql*rj*el*ech(i,j, mc)+
2 gql*sj*ek*ech{i,j-1,mc+l) +ql*ri*ek*ech(i,j, mc+l)+
3 pl*sj*ek*ech(i+l,3j-1,mc+l)+pl*rj*el*ech(i+l,j, mec})/
4 ((rka(j-1)-rka(j))*eee(leee+(k-1)*nstp+l))

else
*/ for exact its3.0 emulation.
*/ rxs=one-rn
*/ l=rx* (mpng-1)
*/ pl=rx* (mpng-1)-1
*/ ql=one-pl
*/ i=lech+l+l

cx=2.d0* (ql*sj*el*ech (i, j-1,mc) +pl*ri*ek*ech(i+l, j, me+1) +

1 pl*sj*el*ech{i+l,j-1,mc)+gl*rj*el*ech(i,j,me)+

2 ql'sj*ek'ech(i,j-l,mc+l)+ql*rj*ek'ech(i.j,mc+l)+

3 pl'sj*ek*ech(i+1,j-l,mc+1)+p1'rj*el'ech(i+l,5,mc))/

4 ((rka(j-l)~rka(j))'(eee(leee+(k-l)*nstp+l)-eee(leee+k*nstp+1)))

endif
*{,bb.106 debug and verification
c write(20,*)cx,am
*ident bnum
*3,cord-1.167 bnum <29052>

if (dben(23) .eq.zero.and, bium.gt.1l.)wgt=wgt*bnum
*ident its30
*d,bb.152,bb.154 erg=zerg-el
if (nxs{lnxs+16,1me(llme+3, jmd(1ljmd+mke))) .eq.0.0r.ib.eq.0)
1 go to 240
if({ib.eg.l.and.numb.eq.l)wb=wl
fa=fa+one
pl=spl*pr/fa
ap=ap+pl
if(rl.ge.ap)go to 5
240 concinue
if(ib.eq.0)return
if{dben(23) .ne.zero.and.bnum.lt.zero)
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1 el{l)=el(l)/xb
erg=erg-el(1l)
paxtc(6,12,3)=paxtc(6,12,3) +wgt¥el (1)
f(el(l) .ne.zero.and.
1 nxs{lnxs+16, lme{llme+3, jmd(limd+mke)}) .aq.3) then
paxtc (4,12, 3)=paxtc{4,12,3) +one
paxtce(5,12,3) =paxtc(5,12,3})+wgt

endif
return
*addfile bb
*deck spol
c subroutine gpol (s,x,y,n,in,t), 15 jan 71.
function spol (s,x,y,n,in)
*/ function spol (s,x,y,n,m)
c
fe! cubic spline interpolation with parabolic runout.

*1f def,cheap, 1
implicit double precision (a-h,o0-2)
parameter (1ln=1000)
save
dimension x(n),y{n),e(ln),ul{ln)
if(n.gt.ln)call erprnt(1,1,2,n,1n,0,0,1,
1 '* too large an argument in spol, increase parameter ln"')
if (in.ne.l) go to 30

in=2

nl=n-1

e(1l)=1.40
u(l)=0.40
bl=x(2)-x{1)
cl=(y(2)-y(l))/bl
do 10 j=2,nl

b2=x{j+1l)-x(3)
a2={y(§+1)-y(3)) /b2
b=x{j+1)-x(j=1)
d=(c2-cl)/b

c=bl/b

bl=b2

cl=c2
p=c*e(j-1)+2.d0
e(j)=(c-1.d40)/p

10 u(dr=(d-c*uf(j-1))/p
e(n)=u(nl)/{(l.40-e(nl))
do 20 kk=1,nl
k=n-kk

20 e(k)=ea(k)*e(k+l)+ulk)
id=0
m2=0
ml=n
if (x(1) .le. x(n)) go to 30
id=1
m2=n
ml=0 )

30 if(g.lt.x(ml+id).and.g.gt.x(m2+1l-id))go to 40
if(s.ge.x(ml+id))mu=ml+2*id
if{s.le.x(m2+1~-id) )mu=m2+2* (1-id)
go to 60

40 ml=m2
mu=ml

50 m3=(ml+mu) /2
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if(s.lt.x(m3))mu=m3
if({s.ge.x{m3))ml=m3

if(iabs (mu-ml}.gt.l)go to S0
mu=mu+id

60 spol={e{mu-1)*((x(mu)-s)**3}+e{mu)*{(s-x{mu-1))**3)+
1 (y{mu-1l)-e{mu-1)*((x{mu)-x(mu=-1))**2))*(x(mu)-s)+
2 {y(mu)-e(mu)*{(x{mu)~-x(mu-1))**2))*(g-x(mu-1)))/

3 (x{mu)-x{(mu-1))
return
end

*d,ad. 43 blue

tfc(ltfe+3d,l,it)=(cts-cpk+t2-cp2(l))*tfc(ltfc+2,1,it)**2

*ident mfd4b2
*/ Force PVM to free some buffers.

07/07/37 (GWM/GWM)

*/ $20 awarded to Dudley A. Raine, III, ORNL (XTM:JSH-97-176) (GWM/GWM)

*i,mf4b.83

subroutine mfbuf (ib, in)
c perform function 'free message buffer',
*call mb

*if def,pvm,l
call pvmffreebuf(ib, in)
return
end
*/
*ident gedb2
*i,ge.4
integer*4 i
*/ Uncomment the following for DVF on PCDOS.

*/ *i,ge.3
*/ use dfport,only:iarge
*/ use dflib,only:getarg

*/ *d,geda.8,geda.d
*/ *if def,pcdos,S

*/ hm='
*/ j=0

*/ do 10 i=1,iargct)

*/ call getarg(i,hm(j+l:))
*/ 10 j=j+leng(hm{j+1:))+1
*/

¥/ cmemiemmememmmmemmmmmememe—setcseeemsmame————

*ident gidb2

*/ Provide cleaner separation of LINUX and DEC.

*d,gidb.1

*if def,linux,3
*d,gidb.5
*i,gida.l

*if -def,linux,3

¥/ emmmmammececccacem———— tmmremwee—m—ameam————————

*jident sedb2

*/ Uncomment the following for DVF on PCDOS.
*/ *d,seda.4,se4a.6

*/ *d,seda.8,seda.ls

*/ *if def,pcdos,l

*/ call cpu_time(t)

<41720>

02/17/38  (GWM/GWM)
<42172>

<42196-42197>

cmeemmcem——— getidt

06/04/97 (GWM/GWM)
<42208>

<42212>
<42213>

.......... ~===-= secnd

02/17/98 (GWM/GWM)
<42820-42822>
<42837-42844>
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Appendix C
Tables of values calculated using David Gierga’s input files. Each suite of runs is presented. The

final three tables compare to data showing only a marginal change in the results due to the
upgrade.

Table 1: Beryllium cell flux tallies without stainless steel

angle Flux(4b) Rel. Err. Flux(nu) Rel. Err. el. diff.
0 2.31E+00 | 0.0181 233E+400 | 0.0212 -0.0072
L 2.18E+00 | 0.0066 2.25E+00 | 0.0076 -0.0334
2 [.9IE+00 | 0.005 L9TE+00 | 0.0058 -0.0275
4 1.37E+00 | 0.0041 L40E+00 | 0.0048 -0.0223
10 5.90E-01 | 0.004 5.98E-01 | 0.0047 -0.0142
30 9.37E-02 | 0.0059 942E-02 | 0.007 20.0060
60 2.29E-02 | 0.0091 234E-02 | 0.0106 -0.0222
90 .OSE-02 | 0.0123 LIIE-02 | 00144 -0.0281

Table 2: Beryllium detector flux tallies without stainless steel

angle Flux(4b) Rel. Err. Flux(nu) Rel. Err. rel. diff.
0 2.58E+00 | 0.0025 2.64E+00 | 0.003 -0.0215
1 2.40E+00 | 0.0024 2.46E+00 | 0.0028 -0.0218
2 2.05E+00 | 0.0024 2.10E+00 | 0.0027 -0.0246
4 L43E+00 | 0.0024 L48E400 | 0.0027 .0.0328
0 5.90E-01 | 0.0028 6.06E-01 | 0.0033 -0.0267
30 9.20E-02 | 0.0034 9.27E-02 | 0.004 -0.0077
60 2.26E-02 | 0.003 2.28E-02 | 0.0034 -0.0063
90 1.0SE-02 | 0.0027 L.OGE-02 | 0.0038 -0.0114




Table 3: Beryllium cell flux tallies with stainless steel

angle Flux(4b) - Rel. Err. Flux(nu) Rel. Err. rel. diff.
0 2.33E+00 0.0181 2.39E+?(; 0.0209 -0.0249
l 2.18E+00 0.0066 2.25E+00 0.0076 -0.0319
2 1.92E+00 0.005 1.9SE+00 0.0058 -0.0158
4 1.39E+00 0.0041 1.42E+00 0.0048 -0.0240
10 5.98E-01 0.004 6.15E-01 0.0046 -0.0294
30 9.34E-02 0.006 9.53E-02 0.0069 -0.0207
60 2.37E-02 0.009 2.38E-02 0.0105 -0.0044
90 1.10E-02 0.0124 1.10E-02 0.0144 -0.0055

Table 4: Beryllium detector flux tallies with stainless steel

angle Flux(4b) | Rel Erm Flux(nu) Rel. Err. rel. diff.
0 2.59E+00 | 0.0026 2.64E+00 | 0.003 00211
1 2.41E+00 0.0025 2.47E+00 0.0028 -0.0228
2 2.06E+00 0.0024 2.11E+00 0.0027 -0.0269
4 1.44E+00 0.0024 1.49E+00 0.0027 -0.0288
10 6.03E-01 0.0028 6.17E-01 0.0032 -0.0235
30 9.34E-02 0.0034 9.49E-02 0.004 -0.0158
60 2.34E-02 0.0038 2.33E-02 0.0037 0.0014
90 1.08E-02 0.0027 1.09E-02 0.004 -0.0176




Table 5: Aliminum cell flux tallies without stainless steel

angle Flux(4b) Rel. Err. Flux(nu) } Rel. Err. rel. diff.
0.1 3.04E+00 | 00151 2.94E+00 | 0.0168 0.0325
! 2.81E+00 | 0.0056 2.84E+00 | 0.0061 -0.0100
2 2.51E+00 | 0.0042 2.55E+00 | 0.0045 -0.0149
4 1.94E+00 | 0.0034 1.95E+00 | 0.0037 -0.0081
10 [.O3E+00 | 0.0029 L.O4AE+00 | 0.0032 -0.0089
30 2.66E-01 0.0034 2.68E-01 0.0037 -0.0064
60 7.28E-02 0.0049 7.14E-02 0.0054 0.0199
90 3.29E-02 0.0068 3.28E-02 0.0075 0.0039

Table 6: Aliminum detector flux tallies without stainless steel

angle Flux(4b) Rel. Err. Flux(nu) Rel. Err. rel. diff.
0.1 3.24E+00 | 0.0022 3.28E+00 | 0.0023 -0.0107
1 3.06E+00 | 0.0021 3.09E+00 | 0.0023 -0.0103
2 2.68E+00 | 0.002 2.71E+00 | 0.0022 -0.0101
4 2.02E+00 | 0.002 2.04E+00 | 0.0022 -0.0071
10 1.04E+00 | 0.0024 1.0OSE+00 | 0.0026 -0.0053
30 2.67E-01 0.0027 2.66E-01 0.003 0.0055
60 7.28E-02 | 0.0028 725E-02 | 0.0029 0.0031
90 3.28E-02 0.0027 3.26E-02 0.003 0.0056




Table 7: Aliminum cell flux tallies with stainless steel

angle Flux(4b) Rel. Err. Flux(nu) Rel. Err. rel. diff.
0.1 2.99E+00 | 0.0153 2.96E+00 | 0.0188 0.0110
l 2.80E+00 | 0.0056 2.84E+00 | 0.0068 -0.0125
2 2.49E+00 | 0.0042 2.54E+00 | 0.0051 -0.0190
4 1.93E+00 | 0.0034 [.96E+00 | 0.0041 -0.0132
10 1.03E+00 | 0.0029 [.O4E+00 | 0.0035 -0.0117
30 2.69E-01 0.0034 2.68E-01 | 0.0041 0.0040
60 7.32E-02 | 0.0049 7.26E-02 | 0.006 0.0081
90 3.33E-02 | 0.0068 3.32E-02 | 0.0083 0.0004
Table 8: Aliminum detector flux tallies with stainless steel

angle Flux(4b) Rel. Err. Flux(nu) Rel. Err. rel. diff.
0.1 3.22E+00 | 0.0022 3.26E+00 | 0.0026 00117 |
I 3.04E+00 | 0.0021 3.08E+00 | 0.0025 -0.0106
2 2.67E+00 | 0.002 2.70E+00 | 0.0025 -0.0123
4 2.01E+00 | 0.002 2.03E+00 | 0.0025 -0.0117
10 1.04E+00 | 0.0023 1.05E+00 | 0.0028 -0.0060
30 2.67E-01 | 0.0027 2.67E-01 | 0.0033 0.0011
60 7.29E-02 | 0.0027 721E-02 | 0.0032 0.0105
90 3.31E-02 | 0.0027 3.29E-02 | 0.0033 0.0072




Table 9: Lead cell flux tallies without stainless steel

angle Flux(4b) Rel. Err. Flux(nu) Rel. Err. rel. diff.
0 2.72E+00 0.0222 2.65E+00 0.0199 0.0260
l 2.51E+00 0.0082 2.49E+00 0.0072 0.0060
2 2.28E+00 0.006 2.24E+00 0.0054 0.0168
4 1.84E+00 0.0048 1.82E+00 0.0042 0.0090
10 1.13E+00 0.0038 [.13E+00 0.0034 0.0063
30 4.34E-01 0.0037 4.37E-01 0.0032 -0.0079
60 1.44E-01 0.0048 1.48E-01 0.0042 -0.0231
90 6.03E-02 0.007 6.23E-02 0.0061 -0.0335

Table 10: Lead detector flux tallies without stainless steel

angle Flux(4b) Rel. Err: Flux(nu) Rel. Err. rel. diff.
0 2.8 lE-i—(;O 0.0032 2.80E+00 0.0028 0.0032
1 2.68E+00 .0.003 1 2.67E+00 0.0027 0.0054
2 2.40E+00 0.003 2.38E+00 0.0027 0.0080
4 [.90E+00 | 0.0031 1.88E+00 | 0.0027 0.0104
10 1.I4E+00 | 0.0036 LI3E+00 | 0.0032 0.0083
30 4.31E-01 0.0045 4.37E-01 0.004 -0.0142
60 1.43E-01 0.0053 1.47E-01 0.0045 -0.0233
90 5.86E-02 0.0065 6.13E-02 0.0055 -0.0464




Table 11: Lead cell flux tallies with stainless steel

angle Flux(4b) Rel. Err. Flux(nu) Rel. Err. rel. diff.
0 2.64E+00 | 0.0207 263E+00 | 0.0199  |0.0045
[ 2.46E+00 | 0.0076 2.48E+00 | 0.0073 -0.0086
2 2.25E+00 | 0.0056 2.24E+00 | 0.0054 0.0086
4 1.83E+00 | 0.0044 [.83E+00 | 0.0042 0.0049
10 1.12E+00 | 0.0036 [.I2E+00 | 0.0034 0.0041
30 4.30E-01 0.0034 4.34E-01 0.0032 -0.0098
60 [.43E-01 0.0045 L.47E-01 0.0042 -0.0324
90 6.03E-02 0.0064 6.21E-02 | 0.0061 -0.0296
Table 12: Lead detector flux tallies with stainless steel
angle Flux(4b) Rel. Err. Flux(nu) Rel. Err. rel. diff.
2.80E+00 | 2.79E+00
1 2.67E+00 | 0.0028 2.65E+00 | 0.0027 0.0070
2 2.38E+00 | 0.0028 2.37E+00 | 0.0027 0.0022
4 1.88E+00 | 0.0028 .87E+00 | 0.0027 0.0061
10 1.13E+00 | 0.0032 L.I3E+00 | 0.0032 -0.0018
30 4,31E-01 0.0042 4.33E-01 0.004 -0.0057
60 1.42E-01 0.0046 1.46E-01 0.0045 -0.0278
90 6.00E-02 | 0.0117 6.14E-02 | 0.0058 1-0.0226




Table 13: Data comparison with Faddegon for Lead

4bnu cell 4bnu detect Faddegon

0 | 2.63E+00 { 0.0199 | 2.79E+00 | 0.0028 | 2.92E+00(5.0)
L | 2.48E+00 | 0.0073 | 2.65E+00 | 0.0027 | 2.80E+00(5.0)
2 | 2.24E+00 | 0.0054 2.37EW) 0.0027 | 2.48E+00(5.0)
4 | 1.83E+00 | 0.0042 | 1.87E+00 | 0.0027 | 1.99E+00(5.0)
10} L 12E+00 0.0034 | 1.13E+00 | 0.0032 | 1.2E+00(5.0)

30 | 4.37E-01 | 0.0032 | 4.37E-01 0.004 | 4.47E-01(5.0)
60 | 1.48E-01 | 0.0042 | 1.47E-01 0.0045 | 1.29E-01(5.0)
90 '6.23E-02 | 0.0061 | 6.13E-02 | 0.0055 | 5.19E-02(7.0)

Table 14: Data comparison with Faddegon for Beryllium

4bnu cell 4bnu detect Faddegon
0 | 2.39E+00 | 0.0209 | 2.64E+00 | 0.003 | 2.73E+00(5.1)
L | 2.25E+00 | 0.0076 | 2.47E+00 | 0.0028 | 2.57E+00(5.1)
2 | 1.95E+00 | 0.0058 | 2.11E+00 | 0.0027 | 2.14E+00(5.1)
4 | 1.42E+00 | 0.0048 | 1L.49E+00 | 0.0027 | 1.54E+00(5.0)
10 | 6.15E-01 | 0.0046 | 6.17E-01 | 0.0032 | 6.30E-01(5.1)
30 | 9.42E-02 | 0.007 | 927E-02 | 0.004 | 9.49E-02(5.1)
60 | 2.34E-02 | 0.0106 | 2.28E-02 | 0.0034 | 2.38E-02(5.9)
90 | L.ILE-02 | 0.0144 | 1.06E-02 | 0.0038

1.06E-02(7.0)




Table 15: Data comparison with Faddegon for Aluminum

4bnu cell 4bnu detect Faddegon
0 | 2.96E+00 0.01‘8? 3.26E+00 | 0.0026 | 3.42E+00(5.0)
1 | 2.84E+00 | 0.0068 | 3.08E+00 | 0.0025 | 3.21E+00(5.0)
2 | 2.54E+00 | 0.0051 | 2.70E+00 | 0.0025 | 2.78E+00(5.0)
4 | 1.96E+00 | 0.0041 | 2.03E+00 | 0.0025 | 2.14E+00(5.0)
10 | 1.04E+00 | 0.0035 | {.OSE+00 | 0.0028 | 1.06E+00(5.0)
30 | 2.68E-01 | 0.0037 | 2.66E-0l 0.003 | 2.65E-01(5.0)
60 | 7.14E-02 | 0.0054 | 7.25E-02 | 0.0029 | 6.66E-02(6.0)
90 | 3.28E-02 | 0.0075 | 3.26E-02 0.003 | 2.87E-02(6.0)
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